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to lay the same area of BRC Fabric. The fabric, being 
welded at each cross section, is more accurately laid than 
the rods and, even on that account alone, is superior to any 
alternative form of reinforcement. 

Once in position BRC Fabric is not readily displaced by 
workmen in laying the concrete, as is often the case where 
rods are used. 


It is safer to allow a working stress in BRC Fabric of 27,00vl 
lb. per square inch than to allow 18,000 lb. per square incl*. 
in rolled mild steel rods. 
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Peesidextial Address 
By SIR ICENNETH MITCHELL. 

Among the distinguished guests who attended the formal opening of the 
Congress were, Sii Guiunath Bewoor, G.I.E., I.C.S , Secretary to the Govern- 
ment of India, in the Posts and Air Department, C. G. Herbert, Esquiie, 
C I E , I C.S., the Hon’ble Resident at Gwalior, Ministers and Members of 
the Government of His Highness the Maharaja Scindia of Gwabor and other 
elite of the town 

The Session was formally opened by RAJAMANTRAPRAVINA S P. 
RAJAGOPALAGHARI, B 'A , B L , Home Member and Vice-President of the 
Executive Council of His Highness thc'hlaharaja Scindia of Gwalior in chaigc 
of the Public 'Works Depaitmcnt. 

In asking RAJAMANTRAPRAVINA RAJAGOPALAGHARI to open 
the Session, SIR KENNETH MITCHELL, C I.E , Conti oiler of Road 
Transpoit, War Transport Department, Government of India,- and Picsident of 
the Indian Roads Congress, delivered the follotvmg address .— 

Before we commence the proceedings, I ivould like to read witli your 
permission. Sir, a lettei which I have icccived from the Hon’ble Sir Mobd. 
Usman , hlcmber of the ‘N^'iceroy’s Execuuve Council for Posts and Ait. ■ 

“I regict I have been unable to accept the kind invitation of the 
Government of His Highness to be present at the session of the Indian Roads 
Congress at Gwalior I am aware of the excellent woik done by the membeis 
of tlie Congress m connection svilh the development of roads in India Ihc 
Government of India arc fully aware of the great impoitancc, from the 
national point of view, of an extensive and well co-oidmatcd load system for 
India, and they have at present in hand the preparation of plans for post-wai 
development. I am sure that the labours of the Congress ivould be extremely 
helpful in the task which Government have undertaken. I lequest you to 
convey my greetings to the membeis of the Congress now assembled in session 
and I svish all success to their labours.’’ 

It is not quite nine years since this Congress sfailcd life at Delhi in 
December, 1934. Since 'then, wc'liave had five more incieasingly useful 
annual meetings. Since December 1939, Iiosvcvei, we liave had only one 
Council meeting and no full session. Many of' us have been too busy witli 
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war work to find time for the necessary preparations, or to attend meetings. 
Most centres are now overcrowded, and accommodation not to be had. Nor 
did we think we should add even our small quota to' the ovcrciowdmg of 
trains. Many of us have been disappointed at tliis lull and have feared that 
it would set us back, and members lose interest. I believe, however, that the 
spirit of unity and progress among Road Engineers fiom which this Congress 
was born, tyill have been an adequate cement to hold it together through this 
period of inactivity, and I am quite certain that the attendance here today 
more than justifies that belief. 

2. But war clouds arc now lifting, there is a promise of a fail future, 
and it is right that we should meet, to consider iiic vital business of planning 
for post-war developments arid to prepare ourselves jointly and scvamlly for 
the gieat work ahead. We are, therefore, most gratrful to His Highness the 
Maharaja Scindia and His Highness’ Government for having made this 
meeting possible and for the truly excellent arrangements made for us. We 
are also most grateful to you. Sir for coming here to-day to open our formal 
proceedings. 

3. Of our six pi evious meetings, four were held in British India and 
two in States. This meeting makes the score more even and demonstrates the 
common interest of the whole of India in good roads. It is, moreover, 
appropriate to meet here at Gwalior, which lies on the second great highway 
of Northern India— the Bombay-Dclhi Road. Some 350 miles of this road, 
I think, arc in His Highness’ territory, including many miles of excellent red 
laterite surface, as well as about 50 miles on cither side of Gwalior which has 
the most intense bullock cart traffic on ordinary stone metal. This presents a 
problem soluble only, I believe, by traffic segregation. 

4. We must still save road transport and petrol. It has been rather 
unfoitunate, thcieforc, 'wc' have not been able to travel so far and sec so 
much as wc should have liked of the loads and of recent developments here. 
But if the State has not a large milage of modern surfaces, it has, if I may 
presume to say so, for many ycais been progressive in the building and 
maintaining of metalled roads and bridges, both for through communication 
and for rural development. Tlie Bombay-Agra-Dclhi Road, for instance, 
was previously subject to serious monsoon interruptions, in Bombay and 
Central India as ivcll as in Givalior. It has, with the help of the Central 
Road Fund, been biidgcd at most of the worst places, among them the Tapti 
in Bombay and the Paibati in Gtvahor. There remains, of course, the for- 
midable Ghambal, at Gwalior North boundaiy. Much also of .the Indoie- 
Ajmcr road lies in Gwalior, although the missing links, which have now been 
supplied, lay mainly in other jurisdictions. Another Road Fund woik which 
affects Gwalior, although outside it, is the improvement, not yet complete;' 
of the Kotah-Baran-Thana Road which connects Kotah and the Rajputana 
road system generally with the Bomhay-Dclhi Road near ShLvpuri. From 
Shivpuri to the East, you Iiavc'fljie/tfunk road to Jhansi and Gawripoi;e', -which 
joins with the Giand Trunk 'Road, DcflihCalcutla. , /Gwalior thus’ includes 
important sections of the maui.Nci|--{h to South and- Eak to West road 'routes 
of North-Central Indian and is ;a key point, on-’llid- long distance trunlc or 
National Highwmy system of the country./ ’Wo^'viSh we could have seen moic 
of tliese roads and of the extensive netw0^.t>f 'rural’ roads of which the State 
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IS justly proud. Pci haps on some future occasion, the Congress will be invited 
to meet hcic again and be able to Sec moic 

5. But to turn now to all-India questions. Obviously, piactical planning 
for the future is now in the aii. We have a clear assurance of this in the 
encouraging message I have just read you from the Hon’blc Sir Mohd Usman. 
In the last fesv weeks also, we have had an important speech from His 
Evccllcncy Sir Xlauiicc Hallctt, stressing the need for planned road development 
and the use of all forms of land transpoit ; we had another speech from the 
Honouinblc Mr. Parker at tlie annual meeting of tlic Indian Roads and 
Transport Development Association, making some ti enchant ciitieisms of the 
failuic of the Road Fund to produce the icsults expected of it, and giving 
us some thought-provoking ideas foi the future Whatcicr may be the 
disappointment at the Rond Fund results, I am sure that Mr Paikcr would 
agi cc that, by and large, the Enginecis have faithfully and skilfully applied 
the money that was given to them, and that where money has been given, 
substantial impiovcment has icsukcd. Be that as it may, oui immediate con- 
cern, as rcpicscniing the Road Enginecis of this sub-continent, is now to look 
fonvard to big things still to be done rathci than to piide ourselves on the 
modest acliicvcmcnis of the past 01 to steel oui-scKcs to renew the old road-iai! 
disputes We cannot be satisfied with things ns thev are, and we should look 
back not with complacence or satisfaction or anger at frustiation, but solely in 
ordci to harness our c.\pciicncc to our future problems. 

' 6 IVhcn we founded this Congress, tve intended, as our guiding t ulc, to 

keep our activities svithin the purely professional engineering field, and to avoid 
..intrusion into administrative and financial questions Tiiat is a salutaiy general 
rule which we have kept and svill continue to obsen-c, p.iiticularly in matters 
of administrative detail But we claim and I think with justification, to know 
moic about loads, then possibilities, and what is sviong with them, than any 
olhci body of men ; and thcic arc times such as the present when we are 
entitled to say, and should say, svhal we think on the larger non-tcchnical 
aspects. The views on these aspects which I shall now pul before you arc 
piimarily my oisn, but, I believe, gaiciallj reflect the opinion of this Congress, 
although, svherc thought and intcicst arc so keen, there must be difrcrcnccs on 
fine detail. 

~ 7. Looking back then, the belter to look forward, the gicatcst defect 
has, I suggest, been failure to apply the best available skill, mcpcncncc, and 
energy’ to the improsement of the loads upon which so laigcly depend the 
social and material wclfai'c of the ruial population, that is, the humble 
country loads. To generalise, it is fail to say. that, village loads and the 
humbler district roads have not only not pi ogressed but have deteriorated 
with the increasing traffic due to more money ciops licing moved, more 
people, and more tiavcl arising from security and genet al awakening There 
has thus accumulated a burden of .urcars of mciduc improvement which is 
sometimes staggering to contemplate t for one believe the icmcdics to be 
possible, but m any case the facts must be faced. There aie hundreds, 
probably thousands, of laigc villages, at some distance from any roads 
supposedly mainlined by public autliority, and many miles fiom any modern 
there is, I fear, general neglect of the link between the village and 
the public road, which link is what %ve mean by a village load- The people 
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in tliose villages are the primaiy producers of ciops and revenue. Every 
maund of exportable foodstuff, cotton and other raw materials of agriculture, 
originates in the village and starts its journey to market along the village or 
unmetalled district road, and the service \vhich the country and the people 
now get from these roads is quite inadtquale. 

8. In Bengal and parts of Bihar, I believe that village roads are in the 
charge of Union Boards. This may be the case elsewhere, but the more com- 
mon case is that maintenance by public authority extends only to district 
board roads, and that llic first and last link from the village to the district 
road is not piopcrly provided for. These roads must, as a rule, of course, remain 
unmetalled, but a geneial campaign of widening, straightening, legal reser- 
vation of the land and the provision of culverts is necessary. That done, they 
must be kept up. 

g. One kind of critic will ask what new miracle we suppose can be worked 
on Icachha village or district toads, with which nothing, they say, can be done 
for the very good reason that nothing ever has been done. The same appeal 
to established custom is made too, when we suggest improving the bullock 
cart. Our answer is that we are practical optimists and do not believe that things 
can or should be left; as they are In this competitive world, cas^ means of 
communication and mechanically eilicicnt means of tiansport to markets 
are in their right degree as essential to the primary producer in the 
village as they are to the great manufacturer in the town. All other schemes 
for the Social, Political and material advancement of the people and for the 
prevention of disease will fail if the village remains isolated by bad roads. 
Let us for a moment take a peep into the future of India, say 50 years ahead. 
What is it that we hope for ? Is it not a country of better fed, better clothed, 
better educated happier people, working in thriving industries with extensive 
overseas markets and in scientific fanning probably with larger holdings and 
greater production. Has this picture any place in it for the present primitive 
village and district road, deep in dust or mud with its toiling overstrained 
cattle and creaking inefficient cart ? I say definitely no, it is not, and if you 
cannot conceive of these loads being still as they are 50 years hence, then 
why not start on them now ? Indeed, thcii condition is a serious obstacle to 
the achievement of the lest of the picture 

10. Physically, that is apart fiom administrative and financial aspects, 
the condition of earth roads, village or district, is due to four things: first, the 
nature of the soilj second, the climate and rainfall; third, the way in which 
the road is made up and maintained ; and last, but by no means least, 
the nature and intensity of the traffic. The climate we cannot change, the soil 
we cannot altei greatly, although improvement and stabilisation are possible 
with intelligent and timely maintenance. But all of these may be partially 
defeated, by the nature of the traffic. This Congress preaches the logic that i*‘ 
you cannot improve the road foi the traffic, you must try to improve the traffic, 
that is, evolve a bullock cart that will be less damaging to roads, 
and also a more efficient transport machine. This has caused some contro- 
versy. We are told that our job is -to make roads fit to carry any 
traffic that may use them, and that it is not our job to dictate to the traffic. 
The truth is that, given money, we can make roads for any sort of traffic from 
a bicyle to a tank, but since the money needed for a really good road system for 
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the present bullock cart will “be immense, we suggest that the cart, after a reign 
of 5,000 yeais, is due for some improvement. We are also told that to 
modernise the cait will destroy the living of the village craftsman who makes 
and mends it. \Vhy should it be assumed that tlic village craftsman alone will 
stagnate and be unable to senuce a more modern and better built cart ? 

t 

II. Among the post-war pl.ans for expanding Industiy, I suggest th.it 
there arc two things which in India icquirc improvement, the bullock cart 
and the various foi ms of locally made inefficient walcr-lift. These merit the 
attention of the progressive industi lalist, aflTording at once a new industry and 
better macKincs for the agricultuiist This might foi a time damage the hand 
labourer in the village, but it would surely be to the long-term interests of 
rural economy that it should be scivcd by more efficient machines. As 
icgards the cait-whccls it is an indisputable and iinallcrablc fact that if the 
carts using the loads had pneumatic tyres, not only could the community be 
given many moic loads foi the same money, but the hcttei loads and caits 
would enable greater loads to be cairicd with less exhaustion of bullock 
power. The use of rubhci tyres on carls would, for instance, open up 
immense possibilities foi the simple brick paved load. Despite tlic sroik of 
Mr Muricll and others, to whom wc arc all indebted for thcii cfToits, no_ 
othci visible alternative to the picsciit tyres and wheels, promising as it may 
be, has anything like the bcttci load possibilities of the pneumatic tyre. The 
pneumatic tyics are made in India and, as I Iias-c suggested, the cart could 
be also. In saying this I do not wish for a moment to disparage the very 
great work, the vciy great enthusiasm which Mr. Miiircll has put in the 
evolution of these cart svh eels Naturally, as he says, there is opposition to 
these pneumatic tj red carls; and wc should' have a second string to one 
bow But at the same time I do not say that wc should assume that in a 
progressive countiy pneumatic tjTcd carts arc impossible to get 

12 Much of the argument about rubber tyicd caits presupposes that 
wc want to convciL them all, which financially and piactically, they say, is 
absurd I hope that it will not be necessary to go to that length My 
theory is that tlicrc are far more carts being used foi pin civ ngricultuial work 
in tlic fields than arc necessary to maikci crops and do other load carting. 
With many diversities of maikcting tiadc practice, it is difficult to generalise, 
but it IS probably tiue that m the majority of cases the pioduccr can carry 
his crop to market in his own carl at no cash cost to himself. To restrict 
this work to a limited number of lubber tyred bullock carts would, therefore, 
mean that he would often have to pay someone else to do his cai ting for him. 
Tliis might be tnie, but tlic price will be a small one to pav foi the incalculable 
benefit of better roads «ill lound What wc want to know, and what wc 
have been pressing for, is an cnquii y into the facts, j, c , hoiv many i iibbei 
t>'icd carts be needed, how many carts can be used and wliat is the maximum 
wiumbci that can be counted. This is a competitive world and an age of 
specialisation, which simply means that India cannot pi ogress by the use of 
the old tools, the old carts, and old customs, as these arc saci osanct. 

13. To return to the village road. -The need for permanent impiove- 
ments, and capital outlay on making a pcimanent alignment with 
adequate width, piopcr giading, drainage and culverts, is clear. Soil 
stabilisation is not quite so simple, but it has great possibilities and wc are 
always learning more about it. But, -in the long run, the essence of tlie 
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matter is pioper maintenance, and that, in the ease of village roads, is, I 
suBcest a matter of free labour by the village! s themselves, managed 
by their or like bodies. This idea is objected to by some as a 

rcveision to somctliing akin to Begar. There arc, however, scveial scvctcly 
practical reasons for it. 

14 In the fiist place, any low-cost road depends on the clay 
content of the soil as the binder, and, as we know, proper maintenance 
lequires not a regular labour force or liaphazaid carthwoik, but prompt 
tieatmcnt at the right time when the soil is neither too di*)' nor too 
!vet. Three or four men, with a pair of bullocks and a simple wooden 
drag, can then in a few hours icstoic camber, fill the ruts, and consolidate 
the whole, so as to keep the road in shape for scvct'al weeks. At other 
times, little or nothing can be done. This work suicly is for the man 
on the spot, who hnows when and how, err would soon Icaim, and not fov a 
distant depai tmental subordinate, who cannot be expected to tear round the 
country hiring men and cattle for a day or two at the critical time for the dilTcJ - 
eni sections of the readjust when the psychological moment airivcs._ The work 
requires a !vorklng knowledge of the behaviour of dilTcrcnt soils which the men 
who are always working in them can best supply. Whether, therefore, there 
be cash payment or not, I am sure that Ullage road maintenance could be 
belter done at less cost by the villagers than by aiiyonc else. Moreover, given 
help in the lay out, grading, and location of culvcits,- I suggest that the work 
of initial impiovcmcnt also he undertaken by the villagers and as fiir as possible 
by free labour The demands for increased cxpcndituic, both first cost and 
recurring, for all schemes of post-war development will lie so immense that self- 
help will be necessary, wherever it is possible, and if a diivc to get the village! s to 
improve their own road.s thcnaselves accompanied a real programme to improve 
the district loads at public expense, I believe that it would succeed. The 
Engineers would help, but the drive for the improvement of the purely village 
road, encouragement, and general superx'ision would need the very active 
co-operation of the departments dealing with ruial uplift, village sanitation, 
consolidation of holdmgs, and so forth. 

15. I have taken much of your time in discussing village roads, because 
of their great importance in any balanced scheme of development. I believe 
as fiimly as anyone in the necessity for really first class trunk and main roads, 
but in retrospect it seems to me that Uic usual classification of trunk, main, 
district and village roads has come to be loo readily accepted as an oi-dcr of 
importance. Each class is equally important in its own way, and it is a good 
thing sometimes to consider them in the icvcrsc older, starting fiom the origin 
and terminus of all rural transport, the village. 

i6; Before turning to the next class, that is district roads, I would like 
to tell you a little story. The United Slates of Amciica have, as you know, an 
immense milage of magnificent concrete and other high-cost roads, but they have 
also many miles of low-cost rural roads, ihc maintenance of which Ihcy .havc 
brought to a fine art. Not long ago, somewhere in Eastern India, driving over 
a low-cost road, in really .tcirible cpndifioii, ,\vc picked up two American soldiers, 
who wanted a lift. After going along for sometime, l.said something about 
the road being bad, and one of tlichi «Temai'ked that it would be all right if 
someone would give it a little maintenance. • Now, that was the American 
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icaction The reaction of tlie ordinary “man in the sLieel” in India would 
have been thjit the road must be made pakk'i, that is to say, it must be metalled. 
In America, they know what can be done by proper mainlcnancc of low-cost 
roads ; pcopk in India do not know it, because it has too long been neglected as 
hopeless, and it is this mentality, coupled witli the strongly cnticnchcd position 
of the carthwoik conti actor, tliat accounts for a good deal of the neglect of 
district roads 

17. So, we come next to the district load, by which I mean the great • 
milage of roads lying in the_ class between tlie tiunk and inter-town. routes on 
the one hand and the village road on tlic otliei . This is the class of road on 
which tlie lural population verj* largely depends It is noimally m the charge 
of rural local bodies, but it has been very badly neglected. In planning for 
the future, u c have to study two things, the adequacy of the s^'stem in acces- 
sibility’ and in condition. Acccssibihty, if measured by the formula which I 
have alicady suggested that no village of say 1,000 population and over, should 
be more dian, say, a mile or lialf a mile from a public road ; the piccisc formula 
will depend on the size and distribution of villages Condition of the road 
depends on the equation of the specification to the tiallic. 

18. Now, the present general condition of this extensive system of 
distiicl loads, some metalled, many moic unmctallcd, seems to me to be a 
rcpioach to our generation and also a barrier to every otliei plan of rural uplift 
01 improvement. Wc in this Congress have studied roads of all classes for most 
of our professional lives and knoiv that there is no simple universal cure. The 
problems aie of great vaiiety, calling for diffeient ticatmcnts. But what is, 

I fear, a common cause of the piesent state of affairs, common to nearly all 
Provinces and districts, is an administrative misfit. Having spent many years 
in tlie study of these problems in the Province in which I served, and in 
closQ contact with district boards, I claim to be an impartial and I try to be an 
honest obsciver. As I see them, two simple facts arc inescapable. On the 
one hand, local self-goveinmcnt has had a long and fair trial ; on the other, 
the loads aie no better. This administrative machine evidently docs not fit 
this particular kind of work. One reason often advanced is financial, that 
district boards have not the money, not the taxing capacity, to dbeharge 
propel ly all the expanding functions that have devolved upon them, in educa- 
tion, public licaltli and all the rest, os well as roads This is probably true, 
although I fear that even the money budgeted for roads could often have 
been bettci or more wisely spent. Still, it must be accepted that the financing 
of post-war development and the overtakuig of vcai s of neglect will be quite 
beyond the existing and potential lesouices of local bodies, and probably also 
the maintenance of the resulting improved system Tins is not, I suggest, 
a matter for doles or.pauperisation of these bodies If the business is financially 
beyond them, they should, I suggest, be relieved of it. It seems to me to be a 
sound axiom of public finance that the Government, Legislature, or local body 
that imposes the taxation should be directly responsible for the use of the money 
and answerable for its abuse or waste. The system of doles from Provincial 
revenues to local bodies and from local bodies to similar smaller bodies ignores 
this Alorcovci, it cannot be too often repeated that the problem with this class 
of road is maintenance more than the occasional finding of large sums for 
development The laigc sums foi post-svar development mil come, when they 
come, from sources other than local rates, and if mainlcnancc is later neglect- 
ed, those large sums, or a good proportion of them, had better not have 
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been spent at all. It would be most unwise, therefore, for Provincial 
Governments to spend largely from capital on the development, and to leave 
the maintenance of the roads to others. It is no part of my business to pass 
in review the details of the administration of local bodies or to criticise this 
or that aspect. As a practical man, I merely say that there is nothing in the 
past history of roads to justify the hope that the same administrative machi- 
nery and the same local rates, acutely sensitive to the vagaries of the mon- 
soon, will solve the road problems of thefutuie. 

19. There is one matter, however, on which, as an Engineer, I must 
venture to comment somewhat critically. It is that the status and conditions 
of service of district board engineers are often not such as to make for 
efficiency. Deprived as they frequently are, of any support and guidance 
from official professional superiors, they are always in danger of stagnating 
and dare not experiment, or try to get out of the grooves bounded by 
conservatism and the vested interests of contractors. I must, of course, 
except Madras where a more advanced .system is in force. One reason 
for the generally poor conditions of service of district board engineers 
seems to me to lie in the accountant’s device of relating establishment 
charges to cost of works and repairs. There is much truth in this rule 
of thumb when applied to self-contained construction works of magnitude. 
In its application to road maintenance, it is dangerous, since it elevates, 
as it were, the man ^vho spends most and degrades the man who saves 
most by close application of scientific low-cost methods. 

20 Again, the science and art of road-making and maintenance are 
advancing all the time. We can leain much from each other and from 
other countries, and we cannot afford to do tvithout this learning. This 
Congress has been set up to promote it. Even so, with his many pre-occupations, 
the average district board engineer has not time to keep himself up to 
date, and to isolate him and his problems in each district must mean 
obstruction of progress. There is also the practical aspect of the use of 
machinery. As time goes on, more and more of our district road work 
.may be done by machines. The maintenance of those machines and the 
provision of the mechanical engineering staff by independent district boards 
is uneconomical. This can already be seen in the matter of steam road 
rollers. It is a truism that the size of the world is virtually shrinking, 
and it is also a fact that you can to-day get over half a province in 
no more time than it took 20 years ago to get over a district. The 
Province has in fact become a suitable area for road management, and 
the isolation of district management is no longer necessary, nor is it desirable. 

21. Therefore, I believe that the firet step towards the improvement of 
district roads is -to transfer them to expert Provincial Highway Departments, 
which would absorb the efficient district board engineers and level up 
sttmdards of efficiency all round. It is a proposal that would be distasteful' 
to the conservative among district board members, who would doubtless, and 
entirely paradoxically, call it reactionary. But if we are not satisfied with the 
service given by district roads in the past — and who can be? — we must get 
away from the things of the past. Reforms must be radical and must get much 
farther than merely pouring more money into_the old machine. The irrigation 
works of India are unparalleled in any. country. It is not always remembered 
— ^indeed, it is probably not realised —that the rates and fares on Indian 
railways are lowei than in any country’ in the world bar one, and that means, 
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among otlier things, efficient cngineciing construction and maintenance. In 
their v/ay, on the basis of cost, our Provincial and State main roads will 
bear comparison with those of many other countries who have not our 
difficulties of climate and mixed traffic. Now, these things have been done 
by organised services of engineers in dcpaitmcnls of Government, and such 
an organisation I suggest, is now ncccssaiy for the development of roads. 
The future load problems are immense. Therefore, I say, let our engineers 
be oiganised into regular Highway Departments, and get to grips with 
those problems. The knowledge and skill and I would add, intense enthusiasm, 
arc there to use. 

22, These aie large administrative questions, and in lefeiiing tojihem 
I have permitted myself some licence, since I am no longci connected 
officially with road administration These questions need not, however, 
delay the preparation of plans for future district road development which 
must be pressed forward in two stages. First, whether and where an 
extension of milage is necessary. This can be planned district-wise. The 
second and more complex question is the engineering estimation, based 
on actual traffic-counts or estimates, of what has to be done to impiove 
the s^^stem to present-day needs Here, the first step seems -to me to be 
to determine what in all local circumstances is the limit, in tcims of the 
usual traffic interpretation, to what can be cai ried by improved earth roads; 
what milage remains and what improved surfaces, or devices like track- 
ways are possible with the materials most readily available. These improved 
specifications, as well as earth road improvements, ean then be approximately 
priced per mile and the tyhole picture reviewed without the preparation of 
detailed estimates. The latter should then be put in hand for the most 
urgently needed improvements first, that is, for the improvement of the 
surfaces most over-loaded by present traffic 

23 It is, in all, an immense task that should be taken up at once; 
but if sy.stcmatised, it is not unmanageable. And, here, I would like to 
refer to the pilot schemes undertaken in the Bombay Presidency by the 
Indian Roads and Transport Development Association. This method of 
“sampling” the problem is most illuminating, and we aie all grateful to 
the Association for their initiative in this matter and to Mr. Kynnersley 
for his interesting explanation of the two sample or pilot schemes. 

24 This brings me to the two last classes of road, the two great All- 
India Highways and the mam provincial Intci-toivn roads These two classes 
have already been developed to standards relatively far in advance of the 
others and are the two with which the general run of membeis of this Congress 
have in the past been most closely connected. These ro.7ds aic still far below 
the standards necessary in modern times, and the war has revealed many 
weaknesses or missing links, particularly in the All-India Highsvays I believe 
that the futuie will tax the capacity of all available means of transport, 
and I do not propose to defend on any economic basis the necessity for a 
national highway system There are many reasons ivhy this must be developed, 
but we can content ourselves with the simple one that we cannot do without 
It. Both these two classes of roads, that is to say, the National Highsvays and 
the trunk roads involve very' much the same engineering, administrative and 

^ money problem and I propose to discuss them together. 

25. In the future development of these roads this and the rising genera- 
tion of Engineers will be called upon to apply the highest developments of the 
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science and art of economical road-making and maintaining. You will, I hope 
and believe, be able, in large scale planning, to approach costs from the long- 
term scientific angle rather than from that of what is cheapest in first-cost: your 
responsibilities in this and other matters will be very great. As one about to 
depart and leave you to it, there are many “don’ts”, I would like to put before 
you, but I have already taken up a great deal of your time and will only offer 
you some random thoughts on diffeient aspects. If some appear to you to be 
of minor importance, my excuse is that they have in the past been neglected 
or imperfectly understood. 

afi. My first general suggestion is the future importance of traffic segrega- 
tion and the need for a full examination of the possibilities of this befoic any 
large schemes of development go too far. Motor transport will increase and 
will first displace, I believe, the horse vehicle for passenger work. But the 
bulloc^ cart (I hope animpiovcd cart) will probably lemain the prime mover 
of agricultuial produce as the short-haul transport for many years. We must at 
least plan on that basis. The bicycle is multiplying and will multiply rapidly; 
and we have to piovidc also for herds of cattle, flocks of sheep and goats, in 
some Pi ovmces strings of camels, and everywhere the pedestrian. Now, elaborate 
segregation will not obviously be possible everywhere. But where traffic is 
dense — particularly where it is necessary', that is on the approaches to towns— to 
put all tins mixture on to one common carriage-way by mere widening and 
more widening of the original Aietalled road, is to perpetuate inconvenience, 
congestion, and risk of accidents. It will also, I believe, be far more expensive 
to make and maintain a great width of all-purpose surface than to provide each 
class with what is best suited to it. For instance there might be a black top 
surface for motor vchiclesj a conciete road or concrete track-ways for the carts; 
a six or eight-foot cycle-strip of light conciete or black top; and a shaded way 
with a decent surface of some sort for pedestrians ; all this will only be giving 
what is actually wanted. If these traffic lanes, or some of them, can be separated 
by a fence or line of trees, so much the better. Even outside all this, 
and preferably on both sides, there should be a shaded way for cattle, 
sheep and goats. In planning, we must look forward and not merely remedy 
the present defects, by say, widening the existing carriage-^vay to double 
or treble its piesent width. Obviously, the trunk or main road of the futuic 
will require much more land width than is always available. Land is 
valuable and the Engineers have often been forced to be content with the 
barest minimum on to ^vhich to get a single lane metalled load, berms, 
trees, and drains. Many roads aie now in consequence hopelessly cramped 
for the nccessaiy expansion, and where the road boundary has been built up 
too, it is going to be a most difficult and expensive business to provide 
an adequate road. To those of you who will now plan the new developments, 
I would say, do not spoil the present and the future job by allowing 
yourselves to be cramped for land, if you can help it. There is also a 
very great need for enactment or amendment of highway legislation generally; 
and in particular for more eSective remedies than now exist agamst encroach- 
ment On to road lands. Much money is going to be spent in the futui-c 
in lecovering land that once belonged to the road but which has been 
short-sightedly sold, or on which people have successfully squatted. A terrible/ 
example is to be seen on the Grand Trunk Road approach to Calcutta! 

27. This brings me to the allied question of taxation of “betterment 

value” of land due to road improvement. The principle is accepted in 

■ ^ 
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mail) countiics, but its application to agiicultural land values in India is 
limited by the smallness of holdings^ and it is already supposed to be taken- 
into account at the time ol^ pciiodical settlements. Tlic case of large estates 
on permanent settlement is different, as is also the sale of agiicultural land 
^*^tJustrial development aiising out of tlic impiovcmcnt of roads, or for 
which road expenditure has to be increased. In the latter case, in particular, 
the sudden appicciation in value should be tapped. Tins also biings up the 
question of ribbon development which mmt likewise be contiollcd, i. p., the 
two things go together, the acquiation of land for load development and 
rilibon development. 

28. Besides trallic scgiegation, llicre arc other factois of road safety 
^shich need more attention, such as the by-passing of towns and \illagcs, 
curs'cs and super-elevation, blindness at changes of grade, and so forth Stan- 
dard practice exists in these matters and should be followed moic closely. More 
caicful ticatincnt of load junctions, and approaches to level crossings is also 
ncccssdiy I doubt whcllicr the lime has come for any general substitution of 
over-bridges for railway level crossings, althougli a number arc needed whcic 
mutual intciuiption is excessive I suggest also that the “S’* bends, so often 
intiodiiccd into the toad to get a square crossing, arc, on tlic whole, an advan- 
tage in slowing down the approaching traffic, but they arc often too sharp and 
blind and need improvement It would, I believe, be an impiovcmcnt if 
provision foi many of these things were made in standaid load building esti- 
mates. They arc too often left to be met Horn contingencies .md expected 
savings which do not result and tlicic arc certain aspects of modern lOtid 
planning which have not hcTCtofoic appeared inroad development and should 
be included in futmc Anothci sow cc of danger is the unncccssaiy use of the 
raotot vehicle caution signs and unncccssaiy scvctc speed icstiictions. 
These merely bring these signs into contempt, so that the one that really 
means business is ignoicd and fatal accidents take place. 

2g Time is one other question and that is load aisthctics Almost any 
woik of engineering well and truly built is in itself a thing of beauty, but that 
is not enough ; the will to beautify roads must be thcic, and you should call in 
the architect in all eases of town approaches and, I W'ould add, Iiridgc parapets 
and designs gcncially Above all, icmcmbcr tliat youi road, gicat or humble, 
is used cvciyday and will continue to be used when you have passed on. There- 
fore, build public service into it in every way and educate the young Engineers 
to this ideal 

30 The education of Engineers, like that of other piofcssions, begins at 
college and ends only on ictircmcnl from active life. Youi Council recently 
invited members of this Congress to a prize essay competition on the cducatign 
of the Road Engineer The essay adjudged to be the best was that of 
y.'N. Rangasw’ami of Madras, One of the duties, I think, of your new Coun- 
cil must be, to draw' up a memorandum on the subject for the various Engineer- 
ing Colleges in the country and, if possible, to secure the production of a 
standard text book on Road Engineering in India. 

31 Subsequent education depends on cxpciicncc, on reading and on 
seeing what others do The Gongicss has built up a good lending library' and 
ciiculates other information At these meetings, it provides opportunities for 
exchange of views and inspection of each other’s work. It has, I believe. 



I’EESlDENTtAL AdDRESS— B y SlB ItENEtTH JIlTCHELt. 


done noi little to improVc the individual cllicicncy and 'promote 
the continuing education of us all. It is, thcrcfoic, deserving 
of continued and increased Govcinmcni suppoit and encouragement. 
The Congress also keeps in touch with load pi ogress in other countries, and 
its Council is the Organising Committee in India foi the International Asso- 
ciation of Roads Congi esses. In the past, India has been sparsely lepiescntcd 
at those Congi esses by delegates who uenl, I fear, mainly to look, listen and 
mai'vel in comparative silence. In the futuic, when these meetings aic resum- 
ed, you will have mucli to eontributc to International knowledge. It ma) be 
some years before full International Meetings can be renewed, but in the 
meantime, zonal meetings should be possible ; and India might w'cll be the ecntic 
for an Eastern Group Roads Congress, at a no very distant datc*^ I believe 
also that it w'ould make for progress to aiiange tcmpoiaiy c.'cchangcs of officers 
between Provinces ; and it ^vould certainly be good to have more travelling 
scholarsliips oi some other means of providing tliat our youngci Engineers have 
oppoitunitics of firet-hand study of the practice in other countries. 

32. Thcie, gentlemen, is a long but rather unljalanced sketch of w-liat I 
hope wall be a better balanced scJicmc of 1 oad development in the future, a 
scheme so ai ranged that w'h ether it be a great National Highway or a humble 
village road, eacli will be equally well adapted to its purpose and traffic and 
equally w'ell eared for. I w’ould put it in this way. ^Vc w'ant to impiovc 
the road-rupce-ratio all round and W'c want a certain plan that on cvcr>' road 
the ton-milc-rupcc ratio should, if not a constant, at least conform to some 
rational law'. The methods and materials of consliuclion and the cost of vaiious 
classes will vaiy within wide limits, but thcie should be no variation in the 
.service given in pi oviding icasonably clllcicnt, safe, and comfoi table transpoit 
for passengers and goods. The immense benefits of sucli a sy.stcm aic obvious. 
As to the cost, I believe, with Mr. Thomas Macdonald, for very many ) cars 
Chief of the U. S. Buicau of Public Roads, that “we pay foi the loads, w'hcthcr 
SVC have them or not, but w'c pay more for them if sve don’t have them.” 
Obviously, with so much to be done, the cost of achieving - an adequate -load 
system will be vciy great, but it will be less if tackled systematically and scienti- 
fically on a broad plan, than if it is taken up haphazard. 

33 It is not, I think, neccssai y for us to suggest hj polliecation of one 
foim of revenue or another to our purposes ; the vaiious icccipls from taxation 
of motoi vehicles and petrol aic thcie lor all to see. In any ease, w'C must 
first see the whole picture and, ultimately, I believe that your future road plan 
w'ill be accepted and the money found just to the extent that it appeals to the 
Governments and peoples of India as something w'hich is not only good value 
for money but as something that they can no longer adbrd to do without. The 
preparation and presentation of the plans will depend largely, gentlemen, upon 
you. There is no time to be lost and you will vciy shortly be called upon' 
to set to w'ork. May you and the Indian Roads Congress prosper in that 
w’ork, 

34. Before I ask Rajamanlrapravina S. P. Rajagopalachaii to open the 
Session, I w'ould apologise for the length of my address, and for any ofTence 
which I might have caused in my remarks about local bodies and roads. I 
assure them that no offence is intended to anyone, in pailicular or general; 
it is merely that in surveying the past for belter view of the future, I have stated 
facts as I see them, and, I hope, impartially. 
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35 In now asking you, Sir, to open our proceedings, may I again 
cxpiess our gratitude to His Highness and his Government for making it 
possible for us to have this meeting and foi the most excellent ariangc- 
ments made When, in yeais to come, I read of tlic great stiidcs made by 
India in load development, I shall like to think that the icnewcd enthusi- 
asm and vigour of tins Congress and its mcmbcis dated from this Gwalior 
meeting. 

t 

Dcclaiing the inccliiig open, RajamaiUiapiavina S. P Rajagopala- 
chari said 

GENTLEMEN, 

1 . It gives me gicat pleasure to welcome, on behalf of His Highness 
the Mahaiaja Scindia, this distinguished body of men from all parts of 
India, who compose the Indian Roads Congress, to this historic city 
of Gsvalior. I thank you sincerely for the honoui )ou hate done me 
by inviting me to inaugurate this session of the Congress. I might mention 
that the Gwalioi Government invited the Congress to hold its session here 
in 1939 It could not be held then, and we aic glad that our icqucst has 
nosv been complied with 

2. His Highness the Mahaiaja Scindia, who takes a seiy keen 
personal interest in the road-ptoblcm, would indeed have been happy 
to welcome you personally, but unas'oidablc circumstances^ have stood 
in the way of his doing so He, howcx'ci, tnists that you will enjoy youi 
stay here and feels suic that the dclibciations of youi body will piove 
immensely useful to his government and to the whole of India. 

3. I had the good foi tunc of attending the opening session of this 
Congress in Bangalore in 1936 and was vety much impicssed with its work 
and Its piomisc for the future. I was, theicfoie, suiprised to hear that the 
Congress had not met since 1939 and it has been only revived this yeai. 
I think the revival of this vciy useful body is most oppoi tune at this time. 
The war-time dilTicultics which prevented your meeting till now are 
gradually lessening. The dark clouds which had gathered during the 
first ycais of the war arc now clearing up, and we feel almost sure that it 
IS only a question of time before final victory over the Axis forces is achiev- 
ed. It is necessary, therefore, that we began to devote some attention 
to those post-war problems which have been exhaustively dealt with by 
Sir Kcnnctli Mitchell in his address It need liaidly be said that the 
problems of peace, especially aftci a long and devastating wai, are as 
numerous and ns complicated as there during wai-time. In this recons- 
truction which lies before us, the Engineer, and specially the Road- 
Engineer has a most vital pai t to play. It has been said that the good 
that a man docs, dies with him, and is oft interred with his bones; but the 
good that a Road-Engincei docs lives after him and is writ large over 
the face of the countiy A system of proper modem communications has 
been one of India’s chief needs for a long time past. It is pcihaps a sad 
legacy of the past that, at the beginning of the present eia of mechanical 
tiansport, we were not ver)' much load-mindcd m this country, and our 
organisation for the study and execution of road projects was small and 
unsatisfactory. By the planning and building up of such a good system, 
the Indian Roads Congicss can make a most valuable contiibution to the 
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economic prosperity of the country. I regard this session, therefore, as a 
momentous one, and die Gwalior State is indeed fortunate to be associated 
with this session which might well mark a turning-point in the brief history 
of the Indian Roads Congress. 

4. This State has other and more abiding reasons for taking special 
interest in the proceedings of this Congress. As Sir Kenneth Mitchell has 
pointed out, the i-oad system of Gwalior occupies a key position in re- 
gard to through road communications in this part of the country and in 
regard to rural roads. It stands high in the milage of roads per 1000 of 
population, and stands second bracketed with Bengal with '55 miles of 
modern surface and water-bound macadam roads per 1000 of population, 
having been exceeded by Bombay alone with *89 miles. A lai gc part of the 
Bombay-Agra Road, which is one of the main trunk roads in India passes 
through the State. This portion has always been well-maintained, and I 
have it on the authority of our Chief Engineer that in the motor trials from 
Delhi to Bombay so early as igo:j, the roads through Gtvalior State were 
judged the best in the whole run. During the last few years about 21 
bridges have been constructed at a cost of about 13 lakhs of rupees. 

5. His Highness the Maharaja has been quite alive to the importance of 
the maintenance of these roads in as satisfactory a state as possible, and no 
effort is spared to meet the fastly growing demands on it. The compli- 
ment which Sir Kenneth Mitchell has paid to the State with regard to its 
roads is, I know, not a mere conventional one devised for the occasion; for 

• he has often seen for himself the work done in the State and has given our 
officers every advice, encouragement, and help for wliich we are grateful. 

6. The tasks which we had to face during the last few years on account 

of the enormous war-time traffic passing over our roads were indeed heavy. 
The roads could not be maintained according to the old methods in a fit 
state for all this traffic, and proposals have been made to have a modern 
surface on the Agra-Bombay Trunk Road, such as cement concrete or tar, 
etc. It is understood that the Government of India have very recently 
given a grant of about 8 lakhs of rupees for improving the Bombav-Dellri ■ 
Road in the State. ^ 

7. It is, to my mind, high time that all the trunk roads in India as 
well as important latCTal roads feeding them, .are provided with modern 
surfaces, thereliy avoiding the cumbersome method of annual maintenance 
depending mainly upon that most uncertain factor, namely, the monsoon! 
these should be planned from now and executed over a period of years, 
according to their urgency and importance. 

8. About ten years ago I paid a brief visit to the island of Ceylon and I 

was surprised to find that nearly 70 to 75 per cent, of the lOad-milage was 
tarred, and'one important trunk road from Colombo to Kandy had many 
modern conveniences, such as petrol bunks, telegraph and telephone 
stations, tea-stalls, etc., at very short intervals. They had the foicsight to 
undertake the necessary initial expenditute, as, in the long run itw.'is 
economical and saved a lot of annual maintenance. ’ 

9. The conversion of the existing trunk roads in India into modern 
surface roads present no engineering difficulty, but it is largely a question 
of policy and administration as well as of finance. Like Sir Kenneth 

• •• 
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Mitchell, I look fomard to the day xvhen India will have a National 
aghway system with central and provincial organisations to maintain and 
develop It to the utmost extent possible. 


10. The crux of die problem lies in getting necessars- funds for the pur- 
pose. But if we capitalise all the annual expenditure that is incurred on 
our roads and convert them into modern surface loads, it would be of leal 
permanent advantage to the coundy. In diis connection I might bring 
to your notice a ray of hope which has been recently vouchsafed to us 
Field-Marshal Lord Wavell, the \'iceroy-designate of India, in a speech on 
i6th September 1943 at the Pilgrims’ Luncheon in London, said, “It has 
always seemed to me a curious fact that money is forthcoming in any 
quantity for war, but that no nation has ever yet produced money on the 
same scale to light the evils of peace, namely, poverty, lack of education, 
unemplo^inent, ill health, etc In the country to -which I go, these evils 
have possibly to be met on a greater scale than anyivhcre else.” I think 
we can safely add lack of proper communications ' to these evils. Such a 
statement^ comiqg as it does from a soldier-statesman, who iviJl contro] 
die destinies of India foi the next few years, brings us some hope that 
beneficial schemes for the improvement of thecountiy will not be pht in 
cold storage merely for alleged lack of funds 


-11. I have till now touched only on the trunk roads and their improve- 
ment. But this aspect touches only the fringe of the road problem 
in India. In a great agricultural country like India, the most important 
question is, of course, communicadons between our rural tracts and the 
big commercial and maiketing centres This linking of villages with the 
main arterial roads can be solved only by local efforts, as part of a general 
scheme of rural reconstruction.^ I quite agree with Sir Kenneth that 
self-help by the village community is the most feasible method of dealing 
with these roads, with a little financial help from the local government. 
Some such scheme has been successfully worked out in the Mysore State 


la, I might also refer to another point which icquircs considerable 
planning, and that is the co-ordination of the various methods of 
transport which arc likely to compete with each other, namely, road, rail, 
air, and water. You may perhaps remember that in the first few years 
after the war, svhen petrol was still easily available, there were some 
complaints that the users of roads were placed at a disadvantage compared 
with riul-transport. I do not know whether the complaint was well-founded, 
but it seems necessaiy that for the future these methods of transport 
should be properly co-ordinated ivitli a view to achieving the best results 
from them. Perhaps the creation of a Central All-Transport Board 
co-ordinating the activities of the separate Boards, which we now have for 
road and rail traffic, etc., would go a great way to meet the situation. 


13. I do not wish to take more of your time and to encroach upon 
your patience any longer I hope you ivill have a very successful session. , 
Many of the members have come from long distances at great personal 
inconvenience. I trust that all the members attending this session will 
have a pleasant and restful time during their stay heie so far as their ivork 
will permit, and will carrj' away happy memories of their stay here. 


14. I now declare the Eighth Session of the Indian Roads Congress 
open. 
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COMMENTS 

Col. Sop\vitli, wlio was noL able lo aUend the Session due to ill 
health, has sent the following comments on the Piesidcntial address 

“ I have lead your Presidential addicss to the membcis of the Indian 
Roads Congress, given at Gwalioi, with gicat intcicst. It was a matter of 
deep 1 egret to me that seveic fever compelled me to cancel at the last 
moment my attendance in Gwalior, the more so as I anticipate the Eighth 
Session to be the last that it svould have been possible for me to be present 
at. Had I been tlicic, I should have liked to take the opportunity to say 
something on the gieat subject matter of your address. As it is, although, 
like yourself, shortly leaving the -scene of my activities, I take the 
gicatest interest in the futuic of road development in India. 

As the Author of the address, I venture to place befoie you a few 
obscivations which I hope may be of value. As you will see theyaie 
not adverec criticisms but I trust constructive ideas dotting the i’.s and 
ciossing the t’s of some paits of your addicss. I leave it to you to do 
anything you like with tho contents of this letter including, if you do not 
think it worth while, nothing. 

The paiticular points, on which I think that m> comments may 
piovc useful, aic 

1 . I am glad lo sec, not only fiom your address but also from 
recent speeches by the Hon’ble Mr. Parker and others, that the 
importance of the village road as a factor in the economics of tho countiy 
is at last being brought into prominence. I attach a copy of an article, 
which I wiotc foi the Pi css some ycais ago, which sticsscs this point 
without going into detail, and my views aie as stiongnow as, if not 
stronger than, they then were. 

2. In paragiaph 6 of your addi ess you stress our guiding lulcon 
foundation to have been “ to keep' our activities within the purely pro- . 
fessional enginceiing field, and to avoid intrusion into administrative and 
financial questions’’. 

I am doubtful whether this is as sound a rule as it may then have 
appeared. We Engineeis (and I write in pai ticular of the pet iod when 
I had the lionour to belong to the scivicc) arc only loo conscious from 
haid experience that loads arc icgaidcd almost invariably by those, who 
hold the puise sliings— and moic often than not, by those in charge of 
local civil administration— as the catcis up of money, withefut due regard 
being paid to their economic value. 

I believe that keen engineers will find themselves handicapped, even 
in the working out of development schemes initiated IJy themselves, if 
they leave out the administrative and financial considerations ivhich apply. 
Their vision is thereby necessarily clouded and, to that impoi tant extent, 
their ability lo impress their own reasoned enthusiasm successfully on the 
minds of those, who arc in a position to help in implementing their 
schemes, lessened. 

*'‘Con9iflcr India’s Katclia Ronds", roproducod on pages xxii lo xxiii. 
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My own experience IS that it IS essential foi lapid development to 
interest the local District Officers and that it is much easier to do this 
if a scheme, with all its implications, has first been prepaied. Once enthuse * 
the civil administration, having relieved it of the buiden of woiking out at 
least financial costs and anticipated piofits to the District at large, direct 
and indirect, a buiden which m the nature of things the Engineci would, 
or should have worked out in a gieatcr mcasuie than the Distiict Officer, 
to whom more than hkcly this aspect is an unaccustomed one and half the 
battle of rapid extensive development is won. The District Officer, when 
piesented with a detailed scheme which rouses his enthusiasm, is moic 
than likely, in my expeiiencc, to take it up as his own baby. This much- 
to-be-dcsired result is of extreme impoitance, when improvement of 
village roads is in question, as I shall later endeavour to show. 

3 I see .you advocate that the work of initial impiovcment of 
village roads might well form the province of the villager himself. Now 
the villager as a general rule is a poor man, faced at each successive 
harvest with the fear of total or partial failure of crops and without the 
financial means to meet without great difficulty the failiue of even one 
harvest. With no experience to teach him that benefit will acciue to him 
therefrom, he very naturally will not embark on experiments which cost 
hard cash. This is too often put down to indiffeience ; I do not agiee, - 
and believe, from tvide experience, that my analysis of the cause is the 
light one as a general rule. So often have I seen new expeiiments tiled 
without cost to the villager, which the latter has watched with keen 
interest tempered by the hard experience of the past ; the value once 
proved to his satisfaction, he will then be prepared to carry out work on 
the lines of the long teim experiment, having lost his feai of financial loss 
by the evidence of his eyes and through the working of his slow but far 
from stupid peasant im'nd. 

The old time village road is as often as not a worn-down rutted 
tiack along the line of drainage The alignment and general straightening 
is an important factor in improvement. Further a greater wudth of land 
has frequently to be arranged for ; diis is expensive, if acquisition or 
voluntary sale is involved, but experience in the Pcshaw’ar District (and 
the Pathan is as strenuous a believer m the holding of land as anyone on 
the earth) showed that intelligent propaganda persuaded the majority 
of road side owners to pet mit the extra land needed to be used without 
compensation. It is here that the Distiict Officer can help so largely, if 
his endiusiasm be aroused. It is of course always the old theme of 
enthusiasm plus the requisite personality. 

The next step is the coiTcct budding up of the earth load w'itli a 
correct camber and above all deep and well-thought-out side drainage. 
This last, I repeat, 3», all important. This is I believe can only be done 
efficiently, rapidly, and economically by machinery (graders, auto- 
patrols and so on) and I believe that this initial work must be done for 
the villagers and that it would be unreasonable to expect a village, or 
groups of sillages, ‘to embark on so scientific a work thiough their otvn 
resomces. To carry out the work other th^.by the most efficient method 
possible would be, iij xay view, throiiing money aurty. 
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Culverts should be made ho that width between insides of \vheel 
guards is at least 1 8 feet. The culveits themselves can be consti acted 
economically with barrels of Tar or Bitumen cut in half and acting as 
foims for a concrete construction over them. 

^Volk5 cairicd out, on a large .scale, including writing off the cost of 
machine! y, which at first sight appears heavy, should not cost more than 
R.S. 3000/.- to Rs. 5000/- a mile This would also include bringing in clay 
or sand to make up a deficiency of either, though actually there aic areas, 
where this is impossible without c.’cccssivc cost, and which would require 
special treatment . 

The value of eauh loads, piopcily construclecl, to the villager is 
immediately shown when the next harvest moves and this should prove a 
suflicienL incentive to the villager to maintain the toad once constructed,' 
I agree entirely with you that the villager, who has considerable experience 
of the soil around liis village, is the light man to cairy this out and that 
it is reasonable to expect him to do so. Foi some lime I do not doubt 
that the enthusiasm of local District odlccis, both Civil and Engineers, 
will be needed to keep the villagci up to the mark about maintenance 
but I have little doubt that in the end maintenance by the villager 
himself will become a regular routine, ivclcomcd by him owing to the 
value acciuing. 

I have purposely not gone into any minute engineering detail, 
which would lake up a large space and would im'olvc dealing with 
different methods as the nature of soil or climate varied. My purpose is 
to put fonvaid an ovei-all idea only. 

For the same reason I have omitted the obvious further 
development, as traffic increase justifies it, of improvement of surface by 
stabilisation and the final gradual development of a Idack surface. 

4. In conclusion, although this subject lias not been touched on in 
youi addiess, may I suggest that the importance of roads in the economics 
of India is so great, and will I hope be incicasingly so recognised, that to 
scpaiatc the “Buildings” and the “Roads” function of the P.W.D. has 
become wortliy of serious consideration? “Buildings” aie to a laigc 
c-xtent in the province of aichitccts; let there be one Chief Engineer by all 
means, under whom both “Buildings” and “Roads” should come, but 
beneath him let there be two entirely separate branches. “Roads” arc 
too impoitanl for enginccis, who should devote their cnliic minds to the 
problems connected with them, to be forced to turn their minds to biicks, 
drains, smoking chimneys and the thousand and one things, which every 
P.W.D. engineer knows only loo well, are constantly arising to take his 
mind away from a subject which demands full time and a life time of 
tlilnking. ' ' 
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CONSIDER INDIA’S KATCHA ROADS 
By G E. S 

“Why Roads Askahundied people aL landom this question, 
and the laige majority, thinking only of then* motor cais, will answci “to 
motoi along”. Tine this is an important function of toads especially m 
countries ivheic touiist traflic foims an important item in economics oi 
whcie laihray connections aic insuflicicntl) uidcsptead, but fiom an 
economic point of \icw the most inipoitnnt function is the caiiiagc of 
agiicultiiial pi oducc, if^w materials; and finished goods, and this ai tide 
deals with this aspect 

Indiais a countiy of gieat distances, of villages fiom which agii- 
ciiltural pi oducc starts on itsjoiuncy. The join ncy is by village load, 
subsidiaiy and main road to ncai maikct or to railway station India 
being prepondei antly an agiicultuial country and likely to lemain so for 
long, the disposal of the pioducc of its fields and foicsts is theieforc of 
prime importance and the higlier the piicc the pioducei can get, tlie moic 
money he has foi purchasing tinished goods Selling puce is noimally 
fixed by factois outside the pi oduccr’s contiol and the ictiirii to him is 
this puce, at poit oi internal maikct, less cost of transpoit The impoi- 
tance ‘of reducing the cost of tiansport IS cleai and evei'y means that can 
be used economically to this end should be considered. 

I 

J Good Itidmg Surface. 

Assuming that 1 ail fi eight cannot be lowcied saving can only be 
effected by impiovcd roads The litcially immense saving in tianspoii 
cost that a good iiding surface produces as compaicd with a bad one is 
larely appreciated fully. Inci edible as it may sound it has been actually 
pioved that if twelve 30 cwt. loiiies only tiavel daily ovci a water-bound 
macadam road instead of a katcha road, the saving in pctiol, oil^ and 
w’car and tear of vehicles and tj-ies aggregates in one year suHicicnt 
funds to pay foi the cost of convcision The fact that still fiuthcr saving 
IS attained b) convciting the watei -bound load into one heated with Tar, 
Bitumen, or Concietc IS illustiatcd by lendeis foi cariiage-contiact over 
one loutc falling by 40 per cent after bituminous tieatmcnt of the suifacc. 
The icason for this is that a permanently good iiding suifacc is essential 
and only by tieatmcnt can tills be attained^ undci modem conditions of 
tinHic. 

Even the 1C cons hue lion of the oidiiiazy village _ ti ack into a well 
drained, well cambeied “caith load” effects gieat savings. ^ This process 
was adopted for some 200 miles of 1 oad in the Peshawai District and the 
result was a saving in cost of transpoi t of 3 to 8 annas a maund between 
village and market or railway station although the distances did not 
exceed 20 miles 

Impiovmij ‘'Katcha” Roads 

These examples give an unansw'ciablc aigumcnt in favour of the 
impiovemcnt of all katcha roads with the greatest speed possible and of 
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the creation of a good liding sill face on toads of-all descriptions which 
may form links in the chain of toad and rail which carries produce of 
taw malciial in one direction and finished goods in the othei. Nor must 
it be forgotten that road and rail ate indeed links of the same chain and 
that co-oi dination is of vital impoitancc for the general pi osperity of the 
countiy 

As there aie today some 60,000 miles ol metalled loads and 
several times that length of katcha toads and as for full efTicicnc) a great 
number of new loads aic icquiicd, the problem at fiist sight may appeal 
almost insurmountable owing to cost but provided ccitain principles are 
adhered to, it can be solved in a leasonably shoiL tcim of yeais. The 
foremost principle is not to leconstiuct a load to a higher standaid than 
present traffic plus a leasonablc addition, which the improved surface 
lb likely to produce, justifies The second is that savings in maintenance 
cost of a given mile of load effected bv ticatmcnt .should be wholly used 
for improving other lengths of road and not towaids financing woik on 
the first mile. Not to follow this principle dcsLioys all possibility of 
lapid improvement of the whole load net-work, unless immense sums of 
money are available, a condition which is certainly not existent in India 
to-day. 

The fact that funds arc not unlimited leads to the conclusion that 
initial cost must be the lowest possible consistent with economical 
maintenance as othewisc fewer miles can be reconstructed annually and 
an unneccsbai7 number of bad surfaced miles uill remain to cause 
serious loss to the load usci and so to keep up the cost of transport. It is 
sometimes argued that to spend 30,000 or 40,000 rupees ’in icconstiuciing 
a mile is sound because it is claimed the maintenance cost is reduced to 
small annual sums. This takes no account of the appalling losses that 
the road user will continue to has c to can > foi an unnccessaiy number 
of years owing to funds .available being limited. Thcic arc certain roads, 
mainly in or in the vicinity of laigc cities .md towns which have to be 
treated expensively because a cheaper form of construction will not stand 
up to the traffic, but probably the length of such roads docs not exceed 2 
per cent, while at least 95 per cent, of the loads in India can be treated 
foi one-sixth of the cost. Supposing 3 1 croics are available annually for 
icconstiuction only, about 1,000 miles could be dealt with a year by the 
expensive method whereas 6,000 miles could be impioved by the cheaper 
and all existing metalled roads could be dealt with in 10 years instead of 
60 The lattci, the .author suggests, is praciic.!! economics and the 
former not. The more lapldly existing roads are impioved the sooner 
- can the much-needed additional roads be made. 

ViUafje Hoads First. 

Improve the village loads by reconstructing them as good “earth 
1 oads”, to be later impioved by Ravelling and eventually by bituminous 
treatment as increased traffic dictates. Improve the suifacc of such 
existing metalled roads as foi in part of the main trade route by road and 
lail to port or internal consuming centre but only to the standard that the 
tr.iflic justifies. Trade will increase, more vehicles will run, gcncial 
revenues (including lail ictunis) will lisc and India be on the way to 
increased prosperity.. 
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THE BROAD CLASSIEIGATION OE TRAFFIC AND 
CONTRIBUTORY CAUSES OF ^\TSAR AND TEAR OF ROADS 

BY 

Sir Kenjtexh SIitoheel, c i.b , a o g i , m inst o.e , a m.instt., i s e , 

Consulting Engines to the Government of Indm (Eoads), 

New Delhi. 


PREFACE. 

Ever since its first meeting, the Congress hiis been endeavouring, 
with mixed success, to standaidise nomenclatuie, units of measurement, 
and other matters so as to evolve a common method or language m 
which members can express their specifications and state then experience. 
The Congieas has succeeded in such matters as nomenclature and of 
expiessing bituminous surfacing in pounds per hundred squaie feet 
instead oJF in square yards per gallon, tons per mile and so foith But 
it IS still as common as not at our meetings to hear traffic described as 
“light” or "heavy”, or whatever it may be wlieii there may be widely 
dificiing ideas of what is meant by these expiessions Moreover, even 
where actual figures aie given, they aio as often as not the totals and 
do not indicate the proportion of steel tyres, I’here have been Papers — 
notably that by Colonel Haig in describing the method of 

conducting and applying the ie.sults of a traffic census, but the legular 
use of traffic statistics in every daj’^ woik is often still laolcmg 1'hiR 
is po.ssibly pnrtlj’ because an elaborate traffic census is expensive, and 
counts liy the road staff of doubtful accuracy, and partly because on 
any particular road the best specifications can often be evolved by 
experience on that or similar roads without absolute linowleclgc of the 
traffic intensit}'. There is also the fact that the scientific niatclnng, so 
to speak, of specifications to tiaffic is seldom po,s&iblc, the specification 
being dependent, not on the estimated total cost ovei a period of years 
under present and estimated traffic, but on the money available for the 
first outlay on impiovenient. 

But if we are to benefit by the experience of otheis in diffcient 
parts of the countij- and not rely on puiely local evolution by severally 
following the same courses of trials and errors, some common method of 
stating the traffic and other contributory causes of wear is necessarj'- 

'^“Traffic census and Road Diagrams” bj' Lt Col W de H. Haig. 
Proceedings of the Indian Roads Congress, Volume II, January 1036, 
page 40. 
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The Council of the Congic^is has for somebnne had under con- 
Mcleration piopoaals to this end w'hich have lesulted in the method 
of classification's set out below It is a subject upon uliich there is great 
divergence of opinion, and at its last meeting the Council decided to leave 
it to wntei to make the best compioinisc jiossihlc 

The resulting pioposal has been so sevcrelj’ criticised tliat it is 
useless to proceed without further discussion An example of the 
eiiticiam 18 to the effect that the picturc-foimula i&, fiom the iiatuio of 
things, so incomplete as to mean nothing to the practical Engineer 
and would be incompiehcn&ible to the lay mind The Hoad Engineer 
can, it IS said, obtain complete information fiom piopcrly kept road 
statistics and it is suggested that the Congicss should standardise these 
statistics If it IS impossible to secure acceptance of wholesale 
standardisation of road statistics, the pioposcd foimula, based on these 
statistics IS, lb is alleged, useless 

If that 13 how the proposal strikes any member, there must be some- 
thing ivrong 

Tlie proposals are based on the following piopositions . — 

(1) While the piacticc of taking careful traffic counts and rccoiding 
accurate statistics should be encouraged by the Congress in every way, 
a division of tiaffio intensity into certain broad classes is at the present 
stage prefeiable to the use of absolute figures to the nearest, say, 50 
tons giving a meretricious appearance of accmacy to a perennial 
vaiiable. 

(2) The most acomate statistics of total tiaffic, ignoring the piopor- 
tiona of diffoiont classes of tiaffio, may be as inaccurate and misleading 
as a bioad classification m which the piopoitions aic stated. 

(3) The intensity of load per inch widtli of tyie (although there is 
nothing like uniform contact) may bo ns important a factor as a wide 
variation in total intensity. 

The matter is presented to the Congiess in the form of a Papei in 
the hope that by fuithor discussion we may be able to appioaeh nearer 
to a satisfactory system of comparable statistics 


PROPOSED SCHEME OE CLASSIFICATION. 


1. Total iniensiiy 


Very light — Y. L. 
Light — L. 
Medium — M. 
Heavy — H. 
Very heavy — V. H 


Total Tons per 24 Ins. 
. 0 to 200 tons. 

. 201 to 500 tons 

. .501 to 1000 tons. 

. 1001 to 1500 tons. 

. 1501 and ovci. 


2. Classifications. 

There aio three main classes of traffic, steel- tjTcd carts, 
other animal drawn vehicles and motoi voliicles. The important 
classes aio the fii st and the third Cycles can normally be neglected. 
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Tlic proportion of each of the two important clashes only need be stated. 
Thus if ‘iS’ stands for steel-tvred carts (40 per cent of total daily 
toniiafic) and ‘M’ for motor traffic (30 per cent) .sufficient indication is 
given by “40 S’’ and “30 M”. 

3. Unit or Pressuie Intensity. 

In the case of steel-tjn’ed carts tlie principal factor is the loading 
of the steel tyre. The damage done by a bullock cart -weighing two 
tons and having tyres two inches wide may, for various reasons, be 
greater than that done by a bullock cart weighing 1 ton and having 
tjTos one inch wide — but not double. The weight per inch width of tyre 
(althougli it Ignores the condition of the wheels and tjTes and the dia- 
meter of the Avlieel, and hence tlie area of contact) is a more accurate 
factor. Any one in charge of a road ought to know both the laden 
weight and the tyre width of the general run of carts using it and, 
dividing one by tlie other, can leadilj' state the load per inch width of 
tyre at, say, 750 pounds. The refeicnce to ‘S’ thus becomes “40 S — 750”. 


Por the piesenb, it is uniieces.sary to attempt in the general case to 
state the unit weight of motor vehicles or the proportions of transport 
vehicles and otliei-s That is a refinement that can come later. If there 
IS any abnormal feature, such as a large pioportion of 10-ton lorries, or a 
restriction of transport vehicles to 5 tons laden, these facts maj^ be stated 
if considered necessary. 


Thus we have L 


40 S 500 
30 jM 


4. Pain-fall and ywdieni 

These, the former in pai ticular, have a coiisidei able bearing on 
the wear and tear of certain road sm faces, and tiaffic figures alone do 
not complete the picture. Rainfall is to be indicated by the letter ‘R’ 
followed by the annual normal rauifall in inches — say 2.5 T'he Ruling 
Gradient may be .stated as "Grad. 1 in ”. 


5. iradt/i. 

On the whole for the general case of ruial roads the total weight 
of traffic 18 a better indicator than the weight per yard width. As in the 
S5'stem of classifying roads, the metalled as well as the fonnaiion 

width should be stated in the case of metalled l oads e. g., ^ For an 

immetalled road, it would be formation iMdth only, say 40. 

6 . Conclusions. 

These factors give a simple but informative formula. 


Thus (a) for an unmetalled road A-B in an area of annual rainfall of 
25 inches, with fonnaiion width 40 feet, ruling giadient 1 in 20, and 
carrying in 1940 a total tiaffic of 400 tons with 40 per cent of steel-tjncd 
carts (with 500 pounds per inch width of tyre) and 30 per cent of motor 
traffic, the formula would be, 


1940 Road A-B, W 40, L R25, Grad. 1 in 20. 

and (b) for a metalled load X-Y, in an area of annual rainfall of 30 inches 
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with a metalled width of 12 feci and formation width of 32 feet, ruling 
giadient 1 in 40, cairving in 1040 a total liaffic of 1200 tons nith 25 pei 
cent steel-tyied caits, (load intensity 700 pounds pei inch width of tvie) 
and 70 per cent motoi tiafiin, the foiimila would be, 


11140 


lload X-V, W 


S- 700. 
.32 ’ 70 M 


R30, Glad 


1 in 40 


If these are used in combination uith the road classification foi inula, 
the reference to u idths and gradient need not be repented 
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4 (a) 


Mr. Mahabir Prasad [Chairman] called upon Sii Kennbtli to 
introduce his paper on “The Broad Glassification of Traffic and 
contributory Causes of Wear and Tear of Roads”. The above paper was 
taken as lead. 

Discussion. 

Rai Saheb S.K. Ghose [Bihar] It would appeal that Sii 

Kenneth Mitchell sketched out the rompromise road picture-formula 
before he took over the immense task of co-oidinating the different 
forms of transports in India 

If the immediate inone> a\ailable lor outlay on 'impioving 
an y road is the only criterion, then with such Hobson’s choice 

(as it appal cntly still obtains in most provinces, the roads piteously 
but silently crying for doles from provincial revenue, and not fiom 
capital which could easily provide the lequired money), the necessity 
for any laboured foimula hardly arises. 

The days of the bullock-cart [with steel tyres] are numbered, 
thanks to the advent of the producer-gas driven truck. It is learnt 
that 51 factories in India are producing different makes ol such 
plants and that already 10,000 vehicles have been so conveited and 
more are going to be transformed [already more than 20,000,000 
gallons of petrol are said to have been saved]. The recent 12 

days’ tests of 25 three-ton Chevrolet lorries over a thosand mile course, 
have proved beyond doubt the reliability and economy of this 

revolutionary metliod of transpoit which works out to less than one 
picc per ton-mile. 

If the Indian Roads Congress,, now, whole-heai tedly declares 
war upon the steel-.tyred bullock-cart, with public opinion as the 
solitary ally, it may lae predicted that India will soon have the - 
pleasure of killing tlie demon that creaks along our highways and 
by-ways, and low-cost soil roads will really be possible. There is no 
other way but to remove tliis canker. Palliatives will not do 
Other countries have done -it. 'Why not India ^ 

However, coming back from the steel-tyrcd demon to the 
picture-formula, there are other factors also which might be 
introduced to make the mental panorama complete. Whether the 
road is soled or not makes a big difference undci hcav^' traffic. 
The heaviest axle loads that can be allowed on the road is -to be 
definitely stated as this will be limited by the stiength of the 
bridges and culverts. Tlie type of the road surface, whethei 
metalled | sealed or unsealed J, gravelled, or of stabilized soil, oi 
kanker, might also be introduced in to the formula. 

It is not* very clear how the total annual lainfall 01 the 
ruling gradient' of say a road 40 miles long can greatly affect its 
general capacity for carrying a particular intensity of traffic. In 
the region of .steep gradients, c.g. in a hill section, the load will 
obviou.sly require a bcttei type of surface tlian in the icst of the 
road. 
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Perhaps, it need not be stated whether the road is all-weather 
or fair-weather, as we can safely take it for granted tliat the road 
being situated in India is but fair-weather. 

The need foi more and co-oidinatcd road-rcsearch and the 
collation and dissemination of research results obtained in other 
countries is keenly felt. “The Indian Roads” has ceased publication 
and the Congiess is now 3-ycar variable ! If we could only help to 
levive the above institutions, they would remain for cvci a fitting 
memorial to Sir Kenneth’s genius and efforts in the cause of India’s 
roads. Short-cut picture formulae might mislead us more than 
standardized road statistics, not unlike KCl and KCN. 
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A NOTE ON THE RECONSTRUCTION OE ROADS CARRIED 
OUT IN THE UNITED PROVINCES WTH SPECIAL REFERENCE 
TO EXPERTJIENTS CARRIED OUT AND THE USE OF 

TRAFFIC STATISTICS 

BY 

Mr. S. N. Chakravarti, m.b.e., i.s.e , 

Personal A8sisia7it io Chief Engineer, Public TFor/w Department, 
Buildings Hoads Branch, Untied Ptoinnccs, Lucknow. 


The author has tried in this paper to place before the Congress a 
compilation of the records of some of the experiments made from time 
to lime ivhich have led the engineers of this Province to come to a more 
or less unanimous opinion as regards the behaviour of the diffcient types 
of pavements. 

Reconstruction of the roads of tlie United Provinces was undertaken 
on a largo scale in the year 1924 out of a loan of rupees 144 lakhs, taken 
from the Government of India. Actual work was, however, started in 
1920 


In 1920, there were 3173 miles of Provincial roads out of which 1990 
miles were kankar and the rest water-bound stone Tar and oil had been 
used onl}' on a small scale as a remedy for dust nuisance. 

The usual practice was to replace kankar with stone wJierever traffic 
was heavy and this was sufficient until the motor traffic became 
appreciable. 

The knowledge of the modern type of pavement was limited and the 
programme adopted consisted in 

253 miles of reconstruction with stone or kankar metal, 

31 miles of 6 inches cement concrete slab, 

34 miles of bitumen mixed concrete, and 
1 mile of bitumen spray. 

It will be seen that surface dressing (then called bitumen spray), was 
given a low place and records show that it was considered only as a 
palliative against dust and was not supposed to extend the life of the water- 
bound coat of stone. The highest place was given to water-bound stone 
metal as is to be expected. 

Actual work, however, differed greatly from the above, as the 
proposals were revised continuously in the light of experience gained from 
year to year. It was unfortunate that tlio programme had to be completed 
in live yeais and so a large amount of money was unknowingly wasted on 
pavements which did not stand up at all to expectations. ' 



The following table giTca the ohangea made with comparative costa and shows how the opinions varied from year to yeai. 
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1931-32 Serai-grout 40 10 22/- Semi-gioub abandoned. 

Tar or Bituminous 1 40/- 1920-27 Painted 7.75 0/- Bitumen spray adopted, 

surfoco sprayed. 1927-28 Painted 07 10 6/- Satisfactory. 
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Patbb B. 4I 


Ptoniv Premix and a^plialtic concrete pavements 31 inches to 3 
inches thick ivere laid in neaily 10 miles at a cost of neaily lupccs S) lakhs 
in 1020-27 These pavements showed signs of iiitting under concentrated 
bullock cart traffic due to the presence of oxcessivo bitumen and, 111111111 
three yeais, Rome of the miles had to be 1 cconstriicted and othcia npped 
up and re-surfaced with cement concrete 

Mr P H TiUaid, the then Chief Engineer, gave the opinion in 
his report in illai'ch 1929 that this fotni of suifaco is not suited to 
concentrated cart tiaffic and at the same tunc requires a considerable amount 
of light traffic to keep it in condition Its cost makes it almost prohibitive 
when only medium hGav3'' traffic has to be considered. 


G7 07it Porty three miles of grouted pavements wcie also laid during 
1926 to 1932 at the rate of nearlj' rupees fortj' per hundred square feet 
Tliese also bfiowcd, although to a small extent, the same defect as the 
Premix A reduction of the bitumen content from 194 pounds to 167 
pounds per 100 square feet made some improvement but the results did 
not justify the high co&t and tins kind of pavement was given up m 1930 

Grouting was considered suitable only* for sections with medium 
traffic and its high cost did not appear to justify its use wheio a uater- 
bound and painted road met the needs. 


Semi-grout A new specification kiioivn ns the Semi-grout was then 
tried. This consisted iii grouting a partioHj' consolidated surface of stone 
with 167 pounds of bitumen per 100 square feet The extra cost was, 
houevci, not considoicd justified even in this case ns compared with 
surface dressing which had by now established its usefulness 


Painting To etait uith, surfact* painting was restricted to places 
with motor traffic onlj’, to get over the dust nuisance. But after a few 
miles had been laid and results w'atched for a couple of j'ears, its efficaej’ 
was demonstrated and bj' 1931-32, 3.53 miles had been painted with 
various bituminous products 

With the failure of premixed pavements, more attention was paid 
to painting and to be able to compaic the life of surface painting, man,y 
experimental lengths were laid using various materials 

In one coat work, Trinidad asphalt did not stand up as well as hot 
bitumens hke Spramex, Socony 105, etc. Emulsion also did not generally 
give the same life A cut-back knonn as itfoxaco was cxtcnsivolj' tried as 
first coat but it was found that the second bitumen coat did not have anj' 
better life 


In two coat works, pnming coats of Moxaco (a cut-back), Ormnl 
(an emulsion) and Tar No 2 were tried. The first two were not considered 
mirfaccs and their use was given up. In all two coat 

coat and the second coat of hot 

bitumen is applied after one year. 
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The quantity ond the size of the grit was varied to determine what 
would give the best icsults, but these wcic too conflicting to lend to any 
definite conclusions. It was, howei’cr, decided in 1937 that three-fourths 
inch grit gives tho best results and it Avas adoiiled for the stand.-ird 
specification of the United Provinces. 

Pot one coat work, the quantity of biluraen now in use is, on an 
average, 44 pounds per hundred squnic feet. For two coat works, forty 
four pounds per hundied squaie feet of Tar No 2 followed by a bitumen 
coat of 24 pounds per hundied square feet is the standaid. 

For lepaiiiting, the consensus of opinion is that the minimum 
quantity inquired to cover the surface should be used. The standard 
specifications followed in tho United Provinces are attached (Appendix I, 
page 17). 

Ill some miles. Tar has also been used ns a second coat. 'J'hcse 
poitions had, hoAvever, to bo repainted eveiy second year and the annual 
cost of maintenance works out to more than that for the portions Ai'ith 
bitumen for the second coat. 

Single coat work in the western districts like Agra and Jlceiut have 
lasted very u'ell, ivliilo in the eastern districts, this has not given ns good 
ca life. This is possibly due to 

(i) the vnrj'ing aflinity of different kinds of grit to bitumen, 

(ii) climate, and also 

(ill) the difference m the percentage of steel-tyred traffic to the 
total volume of traffic. 

A statement of the results of tho affinity tests on grit obtained from 
different quarries in the United Provinees is appended (Appendix IT, 
facing page 20). Bayana grit Avhich is used in the Agin distiict has a place 
highei in the hat than Bharatkup which i.s generallj’^ used in Cawnpore and 
Allahabad districls and this may account partly for the better behaviour of 
the painted i oads in that distiict. Results in tho Meerut district arc equallj' 
good and Delhi grit is used there. No tost of the affinity ivas unfortunately 
made of this grit. It will, hoivevcr, bo seen that kfoth grit (No. 16 in tho 
list) Avhich IB higher on the list than Bayana, is soft or and crushes under 
traffic. It seems, therefore, doubtful if affinity alone can be the deciding 
factor. Some more experiments and tests appear to bo ncocssaiy in 
this direction. 

Painting over Kankar. Kankar being veiy cheap in some areas of 
the Province Avhere harder stone is not readily available, painting on 
kankar was also tried with various materials. Surface painting ivitli 
Liquid Asphalt of various grades, hot bitumen like Spramex, and with 
emulsions etc. [ns also 1-inch carpet of Bitumiil Preinix] Avere each tried 
in experimental lengths. None of them, hoAvover, can bo called a success 
as thej' shoAved patches Avithin u year of their construction and efforts in 
this direction have for tho present been stopped. 

Various other experimental lengths AA'^erc laid most of AA’hich did not 
compare favourably with ordinary surface dressing of Bitumen or Tar. 
Some of them are described beloAv. 
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Liquid Asphalt. Liquid Asphalt u ns tried ns n priming coat and 
also as a surface diossnig Foi Biirfnro dressing, only 20 pounds iveic 
used per hundicd square feet Jlcsiills have been uiisiitisfiictoiy (Items 
4,6 and D of Appendix 111, jingcs 21 to 2.‘1). “ . 


Socojix Carpet. A thin enrpot to scr\c ns surface dressing ivns tried 
uith this mnlciinl A piiining coat of 11 pounds pci hundred square feet 
followed by n Inver oi picinixcd giil oiic>foiirLh inch to thicc'foiiilhs 
inch wns laid The siirlucc failed within a tear (Item G of Appendix 
III, page 23). 


Socosol This was mixed w'lth Socony Asxihnlt to obtain a better 
spread of the bitumen in surface dicssing. It wns cerlninly possible to 
apply the bitumen at the rate of 16 pound*! pei bundled squat e feef, but 
the result did not justify the oxtia cost. 


Shdsprn It is a Buimnh-Shell pioduot Thicc-fouiths incli and ono 
inch carpets have been laid. The material has also been used ns a 
surface dressing of two coats laid at an inteival of one inonlli. Tlic 
experimental lengths wcie laid m November 1938. Wliile the carpets are 
standing well, the siiifncc dressing has worn out. 


A list of some of the experiments with short notes on each is nttaehcd 
(Appendix ITT, page 21). In the author’s opinion ordinarj' painting with 
hob bifumcn or tar has given consi,tcnl!y good icsults. 


Coiicrclr Concrete pavements found a place in the finst piogriimme 
made out in 1021 The hpopificntion was lo lay a slab 6 inches thick 
nvei liiuo conct etc base G inches. The fii-t cxpciimental lciii!t!i laid was, 
liowcscr, a slab G inches thick, thickened at tlie edges lo 9 inches with 
butt joints inclined at GO degrees to the longitudinal axis of the road. 
The altcriintc Imy sy.stcin was ndoptetl 

The success of the expci iincnt led to the adoption of this tjpe in 
piefeiencc to Preniix, Asphalted concictc or Gioiited miuMdam and 3.6 
miles of cement concictc pavcmcntJi were laid between 1026 and 1032. 

The average cost of concrete pasement of section O’-G'-O' was 
Ks G3/10/- per hundred squme feet, prohibitive for general adoption. 
Many oxpciimental lengths of concictc pavement w ere laid to dillbrent 
thickiic'.scs a*- deluded in Appendix IV, jingo 30. The aim had been — 


(a) To gradually i educe the thickneas o( the coneri'tc slab to make 

it economical ; 

(b) To examine the effect of reinforcement in the atiencth of 

the slabs , 

(o) To examine the effect, if any, of having thickened edges ; and 


laying and the period of operation bi 
adoption of the continuous method. 
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The leduction in thickness was made gradual!}'.’* The success of 
the small length- of slab laid in 1926 encouraged the laying of 

thin slabs and, in 1929, an experimental length of 844 square yards 
of 4J inch slab was laid. By 1931, 6"-4''-f)'' was the standard and 
4 inches thick slab was laid as an experiment. In 1935, the thickness had 
been reduced to 3"-2"-3" but 5t*-3\" 5.1" slabs ivero laid in long lengths. 
By 1939, the 3-inch slab of uniform thickness had been adopted as the 
standard for reconstruction of existuig water-bound roads in rural aieas 
The cost has been reduced from Rs. 63/10/- to nearly Rs. 22/- per hundred 
square feet. 

Reinforcement was not found to materially improve tlic strength and 
wear of the slabs and is considered unnecessary in cases of reconstruction 
where there is an old road of sufficient thickness to serve as foundation. 

The omission of the thickened edge has not also weakened the 
pavement to any great extent nor is the extra cost of laying on the 
alternate bay system justified. Nearly all the experimental lengths have 
stood up to the test very well indc^, with the result that thin concrete 
slab of uniform thickness of 3 inches is now considered to be a 
satisfactory pavement to take all the ordinary traffic that rural roads 
in the United Provinces carry. As thinner pavements of section 3"-2'-3", 
laid in 1935, have already had a life of 6 years without sliowing 
signs of much wear, there is no reason to doubt that a 3 -inch slab 
would have a life of at least 15 years which is sufficient for it to 
pay its way on economic considerations. 

The average coat of laying such a slab is about Rs. 26/- per 
hundred square feet including the subgrade. 

It must bo added, however, that these thin slabs have all been 
laid on old macadam roads having a crust of at least 6 inches thickness 
and the concrete slab is bonded with the siibgrade by omitting 
the insulation layer. Unusually high expansion has been observed in 
the thin slabs laid over an insulation layer on the Grhaziabad-Bulandshahr 
roadf and about half a dozen bursts occur each year accompanied 
by a raising of the slabs at joints, bending and ultimate crushing 
of the portion affected. The insulation layer between the subgrade 
and the slab is not, therefore, now given in the case of thin slabs 
of 3>inch thickness. 

The effect of the bonding with the subgrade has, however, not 
yet been fully demonstrated and measurements of actual expansion and 
contraction in insulated and un-insulated slabs are being made to 
determine this. None of the slabs laid on this system has as yet shown 
the unusual expansion trouble which is experienced on the Ghaziabad- 
Bulandshalir road and the measurements of expansion taken up to date 


+ Tif/c ‘■Evolution of the Ihm Concrete Rond in the United Provinces’’ hy W. F. 
Wnlkci, proceedings of the Indinn Ronds Congress, Volume VI, Paper No. A-39. 

■[Vide Proceedings of the Indian Ronds Congress, Volume VII, Pait2, Pages 
248-249. 
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eIiow that thcro is n definite resisting effect -wlicn the variation exceeds 
a certain limit. 

Ill the alteinalc bay syslom, the contnietioii of llio slab while 
setting -was eoiisiclpicrl ample to piovide foi all the e\])niision which 
may occur with the lise of tempemtuie. This may have been true 
in the case of thick slabs but, for thin slabs, expansion joints 3/S" thick 
me now given between evciy slab 


ItoUn-crete, OunUe, etc. Some expciimental lengths neio laid to 
different sppoificatioiis known ns Rollei-eiele, Colloidal Conient nioiitcd 
Jlacndani and Giimte They did not, however, pi ove a Micce*-! Shoit 
specifications of these arc given in Appendix IV, page 31. 


Vibjdted Cojicrcle. Vibrated coiieiole has abo been laid in n, few 
miles on the Ijiioknow-Jlinii'-i Itoad. Coinpic-.sioii tests show the following 
lesnlts 


No 

Mix 

Slab 

Situation 

Ciusbmg load 
in tons per 
sq. inch. 

Crushing 
load in lbs 
per sq, inch. 

1 

1 3 G liand^tamped 

3' 

^lile (50 

2 30 

5280 

n 

1 3.G vibrated j 


Idilc GO 

2.38 

6331 

3 

1 1 3.0 vibrated 1 

i nM 

1 %i ■ 

:\nio GO 

2 22 

4073 

4 1 

1 1 2*4 hand-tamped 

3' 

Mile 74 

2 92 

0.'i41 

5 

1 

1 2'4 vibrated and 
hand-tamped 

1 

3' 

1 

1 

; Mile 73 

3 21 i 

1 

7190 

® ! 

1.2 i vibrated 

1 

3" 

Milo 73 

3 41 

7038 

7- 

1‘2} 41 vibrated and 
hand-tanipcd 

1 

1 

3" 

Milfl 73 

1 

2S9 ! 

i 

0178 

i 


It mil be teen that vibrated concrete of 1 2'4 mix was about 
15% stronger than tlio hand-tamped one, though in the ease of 1 3.G 
mix, the gam in strength w'as negligible and ncliinlli' in one ease there 
was loss, vide item 3 of the above stalcincnt. Tho reason is not very 
apparent, Imt may be duo to the difRculty of obtaining uniform 
concrete vitli a lean mix and a probable loss of .strength resultiiii; 
lom tho cement working up to the lop in tho en.^o of vibrnlod concrete 


of woibing tho vibintor unfortunately absorbed tho 
g mont and so tho method has not been widely adopted. 
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Results. The results of all the experiments carried out during the 
last 15 shears have given the general opinion that the alternatives of modern 
types of pavement lio between 3 inches cement concrete and painting for 
all roads carrymg ordinary mixed trafSc provided the intensity of 
individual loads is not very high. 

The choice of the types and selection of the miles for reconstruction 
will depend on economical considerations and trafHc condition of the 
particular miles. 


Economical consideration. A formula for the annual cost of the 
different types of surfaces devised by Mr. L, B Gilbert, I. S. E , Chief 
Engineer of the United Provinces is given in Appendix V, page 36. Interest 
has been omitted from the calculations. The graphs attached show that a 
3-inch thick concrete pavement with an average life of 15 years where 
metal, suitable for concrete work, costa Rs. 26 per 100 cubic feet, 

(i) costs, in the long run, only as much as a 4^" thick kankar coat 
if kankar costs Rs. 10/- per 100 eft. and lasts for 3 3 ^ears, 

(ii) is definitely cheaper than 4V inches thick kankar coat if the life 

of the latter is 2 to 2 1 yeai’.s, and 

(iii) costs, in the long run, only as much as a surface-painted 4}* 

thick water-bound stone macadam, if renewals of metal and 
surface repainting are each necessary once in every 15 and 3 
years respectively. 


Traffic consideiation. Lt. Col. W. deH. Haig, D.S.O., R.E., in his Paper 
No. 16 read before the Indian Roads Congress'*' of 1936, had suggested 
that it would be necessarj’^ to find a “yard stick” so that the choice of 
the type should not depend on the opinions of individual officers (which 
are likely to ^ry considerabljO but be directed by a consideration of the 
traffic statistics of a mile 

In accordance with Col. Haig’s suggestions, a special census was 
taken in which steel- tyred, and wooden-tyred carts were counted separately. 
The results are tabulated m Appendix VI, page 4 1 . Unfortunately they 
are so divergent as to make it impo.ssible for any definite conclusions to 
be drawn. 

While there is no doubt of the increased wear by narrow steel tyres 
on painted roads, the statistics collected do not admit of any relation being 
established between the damage done by steel tyres and wooden tyres. 

The “yard stick” has not been found but it is necessary to form a 
general idea at least of the maximum lituit of traffic which each type of 
surface can take, so that reconstruction programmes could be framed on 
more definite principles. 


“ Traffic Census & Roads Diagrams” by Lt. Col. W. deH. Haig, D.S.O., 
Proceedings of tho.lndiati Roads Congress, '\^olume II, page 44. 
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As far as this Province is concerned, there arc only three surfnccFi to 
bo considcied, namely, (i) Kiiiikar metal eoal, (li) Surinco paint, and (in) 
3>inch cement concrete A coinpanson ol the annual cost of the three 
tj'pes have shown tlint, to bo economical, 

(i) Kanirar must have a life of nt least 3 jTnrs. 

(u) Fainting inust have a life of moie than 3 yeais, to ho inoro 
economical Mian concrete. 

(ill) Concrete must last Jn years. 

(i) 111 this Province, it is considered that Kankor surfaces with a life 
of 3 years would be economical for a total mixed traffic up to 500 tons a day. 

(ii) In the case of painted surfaces, however, opinions vnr3-. Nr 
Wiggin, Executive Engineer, considers this typo siiitalilc foi a "cart traffic 
up to 800 tons per day,” while Messis Jlatiicld, Mnkcrji, Bisht and Sri 
Naiain, Executive Engineers, consider 500 tons as the limit. In addition to 
tins cart tiaffic, painted siiifnces eoiild take niij' aiiioimt of priciiniatic- 
tj’icd tiaffic. 

These figures arc for 12 feet width. 

An extract from the history sheets of the leconstniclcfl miles m 
Cawnporc, Agra and Meerut divisions is given below . The miles chosen 
are those for which records for at least two renewals of siiifacc paint 
me availnhlc. 



Romaiks 


Tw’O coat 
work 


Two coat 
work. 
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6 

is 

"C 

Traffic 

1 

I 

1 



• 


in 

tons. 

Name of Road. 

Mile 

Year of rc-pamt. 

Qj EQ 

Uh fH 

rs c3 
M V 

Remarks 

0) 



1 





CQ 

Carls 

Total 

1 






■ 

■ 

Cawnpore division. 




11.50 

1261 

Cawnporc Hamir- 

12 

1928, 1929, 1930, 

1 





pur Road. 


Reconstructed 







19.33, 1934, 1937, 
1939 

2 





1261 

Cawnpoie Haniir- 

13 

1928, 1930, 1033. 

3 

Two coal 




pur Road. 


Reconstructed 
1935. 1936. 1939 

2 

work. 

19 

1150 

1261 

Cawnporc Jlamir- 

14 

1928, 1929, 1931. 

21 





jiur Road. 


Reconstructed 
1933, 1934, 1937, 
1939 

2 



20 

1150 

1261 

Cawiipoic Hainir- 

11 

1928, 1932, 1935, 

2.i 





pur Road. 


1937, 1939 



21 

G63 

987 

Grand Trunk Rd 

G29 

1929, 1932, 1933, 

3 3 







1939 



22 

GG3 

987 

Grand Trunk Rd. 

632 

1927, 1930, 1933, 

26 







1935. Reconstruct- 








cd 1938, 1939, 

1941 

H 


23 

GG3 

987 

Grand Trunk Rd 

633 

1927, lO-IO, 193.3, 

2 






1035. Rcconstiuct- 
cd 19.38, 1939, 
1940 

1 




24 

856 

956 

Grand 'J’l'iink Rd 

608 

1931, 1934, 10.39 

4 


26 

768 

879 

Lucknow Jhansi 

GO 

1929, 1932, 1935 


Chan gee 




Road 




to con 
Crete. 

2G 

768 

879 

LucknoAv Jhansi 

05 

1931, 19.34, 19.36, 

1-7 





Road. 


19.38 



27 

475 

687 

Cawnporc Hamir- 

16 

1935, 1930, 1939, 

o 

Two coa' 




pur Saugor Rd. 




work. 

28 

476 

587 

Cawnjioro Hainir- 

21 

19.34, 1935, 1937, 

Ol 





pur Saugor Rd. 


1940 



29 

382 

480 

Grand Trunk Rd 

.596 

1928, 1934, 19.38 

5 

• 

30 

382 

480 

Grand Trunk Rd. 

599 

1927, 1933, 1938 

51- 


31 

382 

480 

Gland Trunk Rd. 

598 

1932, 1938 

6 


32 

1 382 

480 

Grand Trunk Rd. 

602 

1 

1 

1927, 1930, 19.34 

3.’, 



It will be seen iliiii; for a total traffic of nearly 1200 tons, surface 
paint has a life of 4 to 5 yeaih in Agia (S. Nos. 1 & 2) ■while in Cawnporc 
it has only 2 to 3 years’ life (S. Nos. 17 to 20). Tor 800 to 1000 Iona, 
this life in Agra and Meerut Divisions is between 3‘5 to 0 while in 
Cawnporc it is only 2 to 4 . It is only ivhcn cart traffic is less than 500 
tons (as in serials 20 to 32) that a life of more than 3 years has been 
reached in all the three divisions. 
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Tlio npcciflcntioii'! followotl in tlio thrco Divisions iveto similar 
except llint Ilcllii and Baynna prit ivero used in Agra and Jtceiul 
Divisions, ivhiic Blinintkiip ivns used in Cairiiporc The lesuUs of affinity 
tests show tliat Bayana and Delhi giit have a liiglicr place than 
Biinrjitlciip Tile hotter lesulls in Meerut and Agin Divisions innv be 
partly due to tins fact, hut tlio main renson seems to bo llic lower 
percentage m tlieso Divisions, of eatfc traffic uliicli is only 30 to 60 
pel vent as amiiiisl 76 to 00 per cent in Cawnpoie Division Itnonid 
pi obably not be fiir wiong to assume that llic cnit traffic is tlio ciitciion 
111 the enso of painted surfaces, and the nctii.il rcsiills tabulated above 
show that gcneially 600 to GOO tons of cait traffic m the inaximuni 
ivliicli .1 painted sin face tnav be assumed to take, to have a life of 3 
years Of miles mentioned m seiials 17, 18, 10, 22 and 23, those 
iiaviiig a enil traflic of 1160 tons had to be loeoiibtiiictcd after 6 
to 7 ,\e(iis Millie those with 663 ions had to be reconstrueted after 
11 jcnis Tt IS clear tliat apart from rc-paiiitiiig, the water-bound 
coat also docs not have the full nrccjilrd life of 16 years foi a cart 
traffic of above GOO tons. 


Concrete pavonioiits laid in 1926 and 1926 have not slionn nnv 
signs of disintegration and the asstmixition of n_ life of 16 years is not 
unwarranted. 

The general pi inciples which are follow'cd in the United Provinces 
in making out a rccoiistriiction prograiiinie may be siimniarised below . 

1 . All Itankai miles oiinying more than 500 Ions of total mixed 
traffic pci day over a 12 feet width should bo leconsti noted 
with better types 

2 A painted surface will be econoraicnl only if the intensity of cart 
traffic docs not exceed 300 tons per day on a 12 feet width 

of road. 

3. For all roads can ymg heavier than 600 tons of cart tiaffic per 
day on a 12 feet width ofioad, concrete .should he adopted 

DmmgtlieWar peiiod, when Uic price of bitumen « 
remain liigli, 3-iiich concrete would bn economical for all miles cnTiym„ 
above 500 tons of total traffic per da.V. 

Havine ariivcd at the above eoncliision, (he diogramniatio chart 
dcsonhed bv Col. Haig m liis paper referred to above comes in very 
handy for the preparation of a reconstriictioii proernmme. A 
chart of the Apia diviMon is "“ached (Appendix A ll, 
which shows the traffic figures ns counted in 1939 m diflerent colours. 

The film lines icpie'cnt the existing siurnecs 

KanJjir miles carrying more than 600 tons per da> can casi j o 
picked out from the chart and included m a long 
programme, piiority being given according to the impor 

A reconstruction progrnmmo of the Grand JAuiiU Boa 
the above lines lias recently been sanctioned and all 
over 600 tons of traffic per day have been !" 

The total miraher of miles for rccon-^trncfion is 101 and the estimated cost 

isBs 17 22 lakhs 

The programme for the year 1941-42 provides for 3 umlies cement 
oonorotc on 52 miles of the Grand Trunk Bond and 21 miles of the 
Lucknow Bareilly Boad. 
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appendix 1 

SHORT SPECIFICATIONS 


PBEMIX. 

The wearing coat of premixed bituminous maendnin, 

3 inches loose (2^^ consolidated) thickness. 

The following materials wcie used : — 

(i) Asphalt cement.— 

, 100 parts bj- weight of Trinidad Refined Asphalt. 

15 Parts by weight of Flux oil. 

(ii) Metal. — 

Delhi quartzite broken to i-inch gauge 
(lii) Filler. — 

Coarse and fine sands two parts to one bj’ volume. 

(iv) Mixture. — 

Each boxful of the above materials mixed by the plant 
consisted of the following : — 


Metal . . . . 312 lbs. 

Sand . . . , 60 lbs. 

Asphalt cement . . 28 lbs. 


Total 400 lb.s. 


For the sealing coat of both the preraixed bituminouR macadam and 
bituminous grouted macadam the following material's were used : — 

(i) Asphalt cement 

100 parts by weight of Trinidad Refined Asphalt. 

40 parts by weight of Flux oil. 

(ii) Grit. — 

Of such a gauge that all passed a 1-inch diameter circular 

opening and was retained on a 10 mesh screen. 

After laying, it was sealed "with asphalt cement, gritted and rolled ■ 
3-3 cubic feet of grit was used per 100 square feet. The asphalt cement 
was used at temperatures between 325 to 375 degrees Fahrenheit and 
mixing was carried out by machinerj'. 


GROUT. 


Upon the existing metaUed surface, cleaned of all dust and 
dirt, 3 to 31 mches stone ballast, 2J inch gauge, was laid dry and hnnd- 
packed. No dry rolling was done.- The surface was marked off in areas 
with strings between sl.raigbt edges and 107 iioiinds of asphalt per 100 
square feet were used. J to ^inch gauge stone metal chins wm-A 
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immediatoly spread on the surface and the whole was thoroughly 
consolidated with a 12-ton roller followed b}' a Ifi-lon roller. The surface 
was then well brushed and cleaned and the seal coat was ajiplied n ithont 
allowing traffic on the grouted surface The surface was marked off and the 
asphaltic cement was spread at the rate of SI to 45 pounds pei 100 squaio 
feet. J-mch to J -inch gauge stone grit was immediately spread over the 
surface and again well-rolled. The bitumen heated to 325 to 376 degrees 
ITahrenhcit was then poured over the surface m hand-pouring cans both 
for grout and seal coat. 


semi-gbodt 

After draining the existing metalled surface, of all dust, 
etc. 3,' loose alone metal, 2 to 21-inclies gauge, wa‘< laid, hand-packed and 
rolled diy till the lollcr made no fiiithcr impression. The surface was 
marked mto reetanglea and a mixtAirc of heated asphalt or hittonen '\aa 
poured by means of wide mouthed pouring cans, at the rate of 181 pounds 
per hundred square feet Intermediate stone ^-inch gauge was immediately 
spread at the late of 6.G7 cubic feet per hundred sqnaicfcct and well 
rolled with a 16-ton lollcr. The suifaco was then again swept and seal 
coat of heated mixture of asphalt or bitumen was applied at the rate of 64 
pounds per Iiundred square feet ^-inch to ^-inch size gnt was then 
spread well over the surface and i oiled nith a 15-ton roller 


PAINTUfO. 

Before the application of paint, whether this is to be of 
tar, cut-haok or emulsion, the surface ol the load was tlioroughly cleaned 
of all caked mud and cow dung with stiff brooms or, if necessarj', nitli 
wire brushes, swept witli bass brooms followed by housemaid’s brushes 
of mediuni softness Pinally all dust was blown off by moans of gunny 
bags or, if available, hand or mechanical blowers. Only that amount of 
surface nas bioomcd and brushed as could be painted the same day and 
the final cleaning by blowing did not precede the appliootion of paint by 
more than half an hour 

Dining the cleaning and while painting, the berms and pattrios were 
kept thoroughly watcied When an emulsion ivas used for tlie finst coal’, 
the surface of the road was well soaked with water before the application 
of the paint but, at the time painting was commenced, there was no fiee 
water on the surface and the load was in a condition descnlicd as 
“thoTouglily damp” 


When the paint was applied by pouring, endeavours were made lo 
restiiet the quantities used pci hundred square feet to those given 
below. — 

ITirst coat with Tar — from 41 to 4.1 pounds 
First coat with emulsion — from 33 to 39 pounds 
First coat with cut-hack — about 30 pounds. 
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Second coat with hot bitumen — from 23 to 29 pounds. 

Second coat witli Tar No. 2 — from 22 to 28 pounds. 

A hot paint was heated to a temperature not liigher than that 
specified by the makens, m boilers provided with suitable thermometers. 
The material was not poured on to the healed surface of the boiler lest it 
be burnt. 

The paint was applied to the road .surface with specially constructed 
wide-mouthed pouring cans of Itnoum capacity. To obtain concot and even 
distribution of paint the road surface was divided into rectangles of known 
area each suitable for the contents of one poiii ing can and the paint then 
poured longitudinally and bnished evenly over the surface with bass 
brooms Brushing was always done from the sidc.s towards the crown. 
Brooms were cleaned at the end of the da3'’s work. 

As soon as the paint had been spread in the case of hot paint, or as 
soon as the paint commences to break doAvn in the case of an emulsion, 
the grit was spread on the surface. 

The quantity of grit to bo used per hundred square feot shall bo not 
less than the following ; — 

Pirst coat with Tar emulsion or cut-back — i.4 cubic feet. 

Second coat with hot bitumen or Tar — 2.2 cubic feet. 

After the grit had been spread ovonlj’^ over the surface, it was rolled 
with the lightest roller available. Bolling was continued only sufficiently 
to press the grit into tlie painting material and to fill the interstices of the 
metal in the case of the first coat. 

The second coat of paint vras applied as soon as tlic first coat 
Lad reached its "optimum” condition, i. c., when the paint had hardened, 
tlio purface had bocoino siuootli, and exhibited a mosaic appearance 
with nil loose grit absorbed. The period ivhicli elapsed bet^vecn 
the first and second coats of paint depended on the volume of traffic 
and on the material used for painting. Tar was allowed to harden 
before being re-painted with bitumen, as otherwise it remained as a soft 
layer under the relatively hard bitumen and the road surface soon 
became uneven. 


OFiMXiRT OOWOBXTB SLABS. 

The existing metalled crust, if loss than 0 inches thick, 
vfas given a new coat of metal sufficient to make the thickness 
of the subgrado at least G inches. Otherwise, the surface was 
Mt undisturbed and only scarified and 2 inches of additional metal 
given to get the profile of the underside of the slab. 

' -•V 

All thin slabs were anchored to the subgrado which was brushed 
to remove all fine and loose particles of metal. 
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The mix '\ras ns follows 

1 bug of Portland cement. 

2 4 cubic feet of fine aggregate. 

4 8 cubic feet of coarse aggregate 

5 to 0 gallons of water nccoiding to temperature and weather 
Hand mixing was resorted to only m emergency. 

The bays were generally 33 feet long and were laid continuously 
Expansion joints not less than i" n^re provided between each bay 
and filled nitb bitumen before opening the road to trafBc. 

Cuiing nail done by covering the slab with a six-inch layer of 
earth and kept satuiatcd with watci for 21 days 




Short notes on the experiments on Btlmnen and Tar roads. 
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applied at an interval of one month fciv patches have formed. 
First coat ivns given using 40 pounds of | 
paint per hundred square feet and in the j 
second coat 27 pounds were consumed. ) 

Cost Es. 4/5/8 per 100 square feet 
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APPENDIX IV (conimiiait) 


SH0B1’ XOTRS OX 


HXT’KniMKN'I’S ON 


t'UMUNT ROADS. 


7?o//rr rrrfr.— M’ho tvriH Rollci-cr'*!*' hn*' l)pcii j'i\on to comout con* 
crcfp roi)'' 0 ]ir 1 nlocl «itli n |)ow(’i lollor. 

'I'iiis wns tiled on tlio SIiaikI Ro.id at. Amn wlirtp tin* traflio inten'-ily 
Mii^ toil', and to the ■'itiintion of n cimn iniiiki'l and >10110 

depot*’, Hu*- loid entiled leiy lie.nvv miif loiids, 

M(ilfnal\ iii,n{ — Sun-tiiiind CfU'nhoi ceniont with iiii initial ^olliIl(l 
time* of 2 lioiii-> 


J'liie npnii-irotf Ciinniiiid Mind 

Coni.*!" n'ltirejtiite . Biiynnii qu.m t7ite U itiehe'> piut'O niid 

; inch to i inch R.uitre mixed in ef|iinl 
qiinntitic*. 

The fnllowinc iiii'sc'; iv'crc tiicd .•<— 


(1) 

1 

: 2 

. 10 

(2) 

1 

« 0 

n 

(3) 

1 

: 3 

10 

(1) 

1 

: 3 

: 8 


After inyiii}; the i-.lnli a*- u*'Unl, it ttn^ «• onipte-'-ed iiilh 11 >S-toii 
roller Tnmpmc Mti« lal'T on don** to i>rine llui '^mfiiee to propei eninher 
ii'-iiip e\lin eoiiirete to fill lip depie-don-. The •’iirliiee wa*- \eiy hnri-li 
imd <lry There nn'> ii« rioamwp «f iiii”tiir to tlie toji. Slone chip'? 
iiiixed Mitii reinent. 1 , (5 i\ero ranini*"! into all the inler'-tiec'. After 
the iisn.il emiiis; for 21 day‘>, II <o.it‘> of ‘■ilicite of ‘•od’i were applied and 
them id 11 O'? opened to tralFie The tliiel;ne»'> of the slnh vra- 1 inelie; 
.ind the io?t iioilied out to about Ri 220 pei hundred Mjinro feet The 
Moih \in- don" in Xoveinher I't.'lli. 

Bay* done with 1 IJ.IO iniN l>r?an to ‘>ho\v pitele ■* in .laniiarv 
10.17 Bnj- nith I'ltS ..tood fnhU' nell till Xovenilier lOllO, bnt 
the sluri 3 ' had Mornoiit. and the '■•iirfae* uasimeieii. done nith 

1.2*10 showed «igns of we.ir and l>ei;on lireakint! soon after the road 
Mas opened to Iniffie. 

CoUoiilnl ijroiitfd c'lnnit rourrclr — This was tried on a road liavina a 
tinlTic of 1100 tons (motor and non-inoloi roinl>ined) Tlie snh-giadc iia? 
wnslied and bi ashed to promote adhesion The 'tone met'd was spread 
*“llcd ivith a lo-lon lolloi. 'J’oo iniieli coinpiiotinp was avoided 
t'^illy consolidated surface was alioaed to dty out thoroughly*, 
rho inixluru for the gioiil ol ecincnt, sand and water m equal parts was 
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made in a macliine supplied by Messrs. J. C. Gammon. This grout was 
poured on to the consolidated surface and after 15 to 20 minutes the 
surface was tamped. Expansion joints were provided 50 feet apart. Two 
sections of slabs were tried, viz., 

(1) 3^-ineh slab coating Bs. 32/10/3 pev hundred square feet; 

(2) 6 inches— 4 inches— 6 inches slab costing Rs. 36/1/0 per hundred 

square feel.. — 

The grouting was completed in Fobruary 1930, Pot-holes appeared 
after a year, and the surface was found to be wearing very fast 


Vibiatcd conoctc , — ^Tlie vibrator* used was of a pneumatic t 3 'pe and 
the complete outfit cost Rs 7,900/- It consi.sts of an Air Compiessor 
and a Vibrafit which is like ordinary' tampers except that three pistons 
working in cylinders arc fixed on it which cause vibrations in the tamper. 
The cost of vibiating concrete conies to Rs. -/14/10 per hiindicd squaic 
feet. A^ibrated and hand-tamped lengths were laid side by side in 
1939. So far, no difference is noticeable in the relative wear of the two 
siufaccs. 


Gtmte Road Svrfacitig . — Gunitc JR cement mortar sprayed under 
pressure by a cement gun. This was tried wnlh two mixes of mortars, 
viz., 

(1) 1 cement : 3^ sand ; and 

(2) 1 cement : 4 sand, 
on three tjqpes of suifaces, viz., 

(1) on cement concrete slab ; 

(2) on water-bound stone metal ; and 

(3) on water-bound knnkar metal. 

The average thickness of the coat was 14 inches. In a small length, 
reinforcement was provided with B. R. C fabric 9 inches bj' 9 inches bj' 
13 Gauge. The curing of the surface was done as usual for 21 days afteV 
w'hich peyiod it was allowed ,to drj' and opened to traffic on the 28tli day. 
The breaking started where Gunite had been laid over rolled stone 
macadam. Patches began to develop within a fortnight of the opening 
of road. The portion which appeared to stand best was the reinforced 
Gunite laid over kankar surface. Failuie of Guiiilo had been mostl}' bj’ 
scaling. 

The average cost worked out to Rs. 31/6/0 per hundred square 

feet. 


*Cf. Procppdmgs o£ the liidinn Roadi. Congress, Volume VI, Appendix II, 
pages 65—56 and Appendix III, pages 125—13". 
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APPENDIX V, 


(A) COMPARISON OE 4J* KANKAR WITH 3' SLAB OE CONCRETE 
FOR A 12 FEET W^DE MILE 


Rk = Cost ofrcneAral of a kankor Rc = Cost of concrete slab per 
mile mile. 

Mk = Annual mamtcnanco cost of Me - Annual mamtenance cost 
a kankar milo. of a concrete mile. 

Lk = Life of kankar (in years). Lc = Life of concrete, 

and rn, = Rate of stone metal per 100 eft, 

Rif 

Annual cost of a kanicar mile •» ■= — }- Mk 

Lk 

Annual cost of a concrete mile •=■ p^+Mc 

Lc 

Rjc Rc 

Equating, wo get, •sA= ^p-^+BIc — Mk 
Lk a<c 

Assuming Mr —Me = Rs. 160/-and Lc “ 16 years, we get 

Pk=Lk(^-160) (1) 

Analysis for a concrete milo is 

Cement, 160 tons @ 35/- a ton . . = Rs. 6,600 

Sand, 8000 eft. @ 30/- per 100 eft. . . = Rb. 2,400 

Labour ond Tools and Plant, Lump sum, . . = Rs. 3,000 

Stone,— 16000 eft. @ Tn, .. = 

Stone for subgrndc, 8000 eft @ (r^,— 6) % oft.= 

Rc ■= 11000+ 160rn,+80rm— 400 

oi Rc ^ 10600 "I" 240rni •• .. »■ (2) 

The different values of Rc as worked out from equation (2) above 
for the commonly prevailing rates of stone metal, have been tabulated 
below against the corresponding values of Rk from equation (1) above for 
bves of kankar road varying from 1 to 4 years. 

* Diflcrcncc in cost of racial suitable for concrete and for irnter bound as‘-iiraed to 
be Rupees five only. 
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11 

to 

o 

»*tn -- 25 

»iii 30 

rm =35 

r,„ =40 

Life 

Rc = 15400 

Rc =16600 

Rc = 17800 

Rc = 19000 

Rc = 20200 

Lk 

Bk 

lk 

Rk 

Rk 

Rk 

1 

877 

957 


1116 

1196 

2 

1764 

1914 


2232 

2392 

3 

2631 

2871 

3111 

3348 

3588 

4 

3608 

3828 

4148 

4464 

4786 


(B)C0MPARIS0N0r’4i"KANILAR WITH PAINTING ON 4i'‘ 
STONE METAL COAT— REPAINTING EVERY THREE YEARS; LIFE 
OF STONE COAT- 15 YEARS. 


Pi = Cost of initial painting, per 
milo. 


R,n '=■ Cost of renew a) of stone 
metal coat. 


Pa = Cost of repainting, per mile Mp = Annual maintenance cost of 

painting 

Other symbols similar to those in (a) on the preceding page 


Annual cost of a painted milo 


J?J!L J. j. 

15 ^ 16 + T ^ 1 


Equating to the cost foi a kaiilcar mile [as in (a) above] wo got. 


Ri 


- Mp + 


Rm+P. - P, P, 

15' ^”3“ 


or -^= i^:(Rm+Pj -P 2 )+?^ + (Mp-Mk) 

J.i|' jU o 

Assuming Mk — Mp = Ks. 125/-, 

Pi = Rs. 3080/- @ -/7/- per square yard, 
Pj •= Rs. 1760/- @ -/4/- per squaic yard, 


We get j- = 


Rk R„,^ 1320 , 1760 


— ... , 

1 fi? » 


K 16 ■ 15 ' 3 

=5l" + 88-i-58B-126 
15 

-^ + 649 
15 

Rk=Lk(^ + 649) . 


125 


( 3 ) 
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And = (; n, + 3 5) 240'^’ +500^ (4) 

The diSci ent values of Rm as woikcd out from equation (4) above 
for the commonly pievailmg lates of stone metal have been tabulated 
below against corresponding values of Il< from equation (3) above for 
lives of kankar load var 3 ’ing from 1 to 4 yeais 


Life 

»-m=20 

E„ = 6140 

f m — 25 
R,„.=7340 


^ m~ d5 

Rn,’=9740 

Rk 

Rk 

Rk 

Rk 

1 

958 


1119 

1198 

2 

lOlG 


2238 

2396 

3 

2874 


3357 

3504 

A 

3812 

4128 

4476 

4702 


These figures have been plotted in the two following graphs fiom 
which the economical life of k<ankar as compared with painting and 3-inch 
concrete for varying rates of stone metal can be easily read off. The 
rates of kankar corresponding to costs of lencwal of lea nkar miles have 
also been plotted on these graphs 

Example — Rate of Kankar =Es 10/- per hundred eft. 

Consohdatlon of Kanlcnr — Rs 2/- per hundred eft. 

Total cost =Rs 12/- per hundred oft. 

Rate of stone =Rs. 23/- per hunched eft 

From Graph 1, the annual cost of a kankar mile and a 3-nioh 
cement concrete mile would be the same if life of kankar is 3 years. 

If the rate of stone is Rs 40/- per hundred cubic feet, the equivalent 
hie of a kankar mile would be 2 4 yeais only 

Similarly, fioin Graph 2, neget the equivalent life of kankar as 
compared to a painted surface as three j'cars when stone is Rs, 20/- and 
2 4 years vhen stone is Rs. 35/- pei hundied cubic feet. 

As tliD diffeience between the rost of metal suitable for eoncicle and 
water bound is generallj* Rs. 5/- per hundred cubic feet, it is clear from 
the above that the animal costs of 3” concrete and painting arc the same 
when the life of painting is 3 years and of concrete 15 j'cars for which 
these graphs arc drawn. 


*Rale of coiisolid.ition pci 100 eft •= Rs 3.5 
9 Cost of blinding jior milo = Rs. 590/- 


•'’=^;xl2 x 5280 = 238 















CENSUS OF TRAFFIC ON PAINTED MILES. 


pAran P—41 


41 



*^t>rc5 

3^*2 J2{g p p S 

sgcoegciSej 

JPl->P4J.ShCj 


'*5 eo O Ift in Ift « « « M 
»n in lo »o »ft *3 * 1 ' “i* rt M « eo CO eo 


o 'll o «fl o »n -i< in 53 >n en in o iM ts 

CBCO'llO'lif-ttDCOC-IOOiniOSClO 
ei OT o o CO I-* to ni o cj i- o i~ 00 CO 


oot'-inenocor-ien'iit^cct'-toc 
ooenooi-ioO'-<en''i'-Hen't<oo 
'j' r- CO o-i to « c-i -< M i"- T in en in 


0'i«enr-tcnini-H'iiw--co?iiNeoeo 

oocosMen'HtDt~csC}ooe‘jr-c:in 

ooinen<ooi-l‘ii»-t'‘'-ioicic‘i*j'co 


OOCOOOeO'l'COp-i'l<t-tO(MMt3-HCS 

nisncnomincoooocooootooi- 

e< 01 I-) l-t pH 1-4 p-( in IH CD IH CM IH 





eocsi-4NcocDCsenr-(CiicDcor-(r-ien 
Cl in i" Cl 'll 00 o m co r- 

t- OOlHiH 00 I'. PH o 

O jj o s) ^ o c; © Cl 

wm ^ TZS •■H •»* ^ mt ^ "2 M pH m3 M 

pnr0r5rtr3rcir5r^rtrni^r'ipnipnrn 


>T3 Tj — • 

«1 *S.H^ • 
o o “ rt 
OJCJ 

i”* O ccj rt I 
d rtK O 

pS J o S'c 
<;<jP Is 3 

33:3 40 S'ti 
O O C 3 
ki H B O S 
« d O ^ S , 

WPPPqJ={o; 


M O Pt! ’ 

OW,;JP,3 2'^ j 

^-'sMPi-P5 g 

? fc ^ Jd £ ja K 

3 C V '3 45 i 31 

pB d B 3 d U 
O U 1.1 — 3 bl M 

O 3 C!0 i3 O (so d 

Sij-<dsn<in 


■S|« 

o O J 

:s'S B 

[p., 

d '3 3 

2 ® S 

pB e H 

O £ cS 

POW 


pHMenTHincei^ooosoiHMco'itineot'OO 


Lucknow-Gorakhpur Road IMile S2 • ‘ 616 810 ' 187 997 

Bareilly- Muttra Road Milo 1 I 1^ 154 ] 677 90 767 

Bareilly-Muttra Road . . Mile 11 li • 66 I 465 136 601 









'raflic per traffic lain 


42 


Pai’KR B — 41 


eS^ K 
S3 ^ C 

c. 1 -^ p 


es lo ej le 
rt « ei M M n Cl c-i -f K M ei ei M 


fl 0 ec:c**i'.'-irroco-*O*^i'»e‘: 
T I'' o cn C3 o -r <n :r n CO i-i I-: M ci 

L- O CO Cl Cl 1-1 I- l*! l*! T Cl 01 Cl CO 


I': Cl cc o I** c C 5 ts I'* Cl c. o Ci 
I'- 00 •-< o w Cl o X sc 00 S'- o I*: c: o 
ic otcr<cccioci ^ c Cl 


10 O O O O tD CO C C QO O O 00 
;0 i-i ^ ^ CO CC ^ IC »C »C O C. 

Cl ^ffOCO*-«»HClr-i pHCC 




i'»or 30 *-<’^^«CLO^^co-^: 5 co 
fM n ^ Cl o C •? <M CO 01 

F^ ^ ^ fH O F^ 

oaao&ocioooooo&o 


1^1 <i rO r^, r-; r-; r *0 <V r*i 


3 ® p-rf O 
S . ■C.'P !r o 


r ’ 5 ' 2 ' 

S o o O 

K pj KiiSi 

.2 e 2 2 

'C S --j 

S^;Sg'ioo 


ol*? • 5 c gsa . 'T '7 

— C J 3 5 *.M d O JZ ^ ^ 
s^tnowp-^cjaoci, 

►-ifl<;Pwi-^wwCpQ. 


.2 

^ ^ *S 
J c- o 
55-3 ? 

r.-sKJ^ 
5 g~ S 

iS 5 S 

S "3 “d i 
^ o G _3 
u u ^g: 

i u C) 

iBCiP 


Oil 


cio'-icirt-j'not-cooop-iciec 
>-1 Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl eo cs ro n 



PAPER B— 41— Discussion. 


42 (a) 


DISCUSSION. 


Mr. N. V. Modak (Chairman) called upon Mr. S. N. Chakravarti 
to introduce his paper. Then the above paper was taken as read. 
Mr. Mahabir 'Prasad introduced the paper on behalf of Mr. S. N. 
Chakravarti. 

J. T. Mehta (Bhavnagar) In the United Provinces the Engineers 
are agreed that when the traffic is more than a painted surface will 
stand. Cement Concrete is the only economical form of surface to adopt. 
I am inclined to agree with this view point for the following reason. 
Even if we take for granted that one inch asphalt macadam c^et, 
as is being told by advocates of this form of surface, has an economic life 
of 12 years, the annual road cost of 4 inches cement concrete will be 
equal to that of i inch asphalt macadam if the former be taken to have 
an economic life of only 13 years, taking into consideration the intciest 
on the capital outlay at the present rate of 2i per cent. 

The detailed calculations are given below : — 

For one mile of road 18 ft. wide the cost of 

(a) asphalt macadam @ Rs. 13 per 100 

Sq. ft. would be .. .. Rs. 12,400/- 

(b) 4 in Cement Concrete without dowels 

@ Rs. 33 per 100 Sq. ft. would be . Rs. 31,400/- 


A seal coat on (a) every fourth year with 10 per cent of 
surface for reinstatement would cost ]^. . . . . 6,500/- 

Oidimry mainttnance : 

for Cement Concrete like filling joints, washing, making 

berms etc. per year would cost Rs. . . . . 250/- 

Do for asphalt road like ordinary patrol maintenance, 

brushing, making berms etc. per year Rs. . . . 200/- 

At the end of the economic life of concrete road, it 

will have a salvage value equal at least to the cost of a 

3 in. coat of W. B. macadam, which is taken as Rs. . . 5,000/- 

Then, 

Annual cost of road surface *= 

^Annual return \ ^ /Annual depre-\ / Annual cost of \ 


\ on value y ^ \ 


ciation 


) \ periodic maintenance/ 


= V„r + 


+ 

(Vn-Vs)r 

(i+r)"-^ 


/Annual cost of routinev 


\ maintenance. 

L + Ma 




where Vn = Value new. 

r “ rate of interest (say 2^%). 

Vs “ Salvage value. 

n = economic life of surface in years. 
Ma Annual maintenance. 

Mp = Periodic treatments, 
n' = Life of periodic treatments. 
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For cement concrete this will be ■ — 

31400 X 0 025 + ^3^409—500°) 2;5 ^ 2-0 
3 - 5 '- 

= Rs. 2517 annual cost. 

For i" asphalt macadam this wiU be . — ' 

I2400X2i% 4- + i59£^A.4200 

3 - 5 '* 3 - 5 * 

= Rs. 2516 annual cost. 

It has been stated by the Authoi that in order to minimize blow-ups 
in thin slabs, these arc bonded on to the subgradc and an expansion 
joint 3 in. thick is provided at the end of each slab The bonding will 
increase the coclRcicnt of sliding lesistance between the slab and the 
subgradc beneath it, thereby producing tensile stresses in the concrete 
when the slab contracts I would like to know whether dummy contraction 
joints are provided to shorten the length of the slab and reduce tliesc 
stresses, as also how many tiansvcisc cidcks have appeared in one slab. 
If these thin slabs are bonded, what practice is being followed for 4 in. 
thick slabs’ Are they insulated with papci or sand’ Are they provided 
with expansion and contraction joints or is simply alternate bay method 
relied upon’ I would like to ^ow the detailed specifications for 4 in. 
slabs. 


Finally I think that the use of thin concrete roads is the only solution 
for heavy mixed trafhe, and it is time that the Enginccis of the Concrete 
Association of India devote their attention to the evolution of design for 
thin slabs and specidcctions for them on scicnblic lines. 

Ral Sahib S. K. Gliosc (Bihar):— 

The United Provinces were very fortunate indeed in getting a loan 
of rupees 144 lakhs from the Government of India foi road surfacing work 
as early as 1924, and also in spending the whole amount in five yeais only 
in improving 596 miles -of load. Other provinces were evidently not as 
luck)', as a result of which U P. has definitely stolen a marcli in load 
improvement. Her enpnccni have now actually pioicd that 3 inch 
cement concrete bonded slabs of uniform thickness (without thickened 
edge, steel leinforcemciits, or insulation paper, concrete macliinc-mixcd 
but hand-tamped) can be successfully done for Rs. 22 per hundred square 
feet, and can cariy more than 500 tons of cart traffic (on a i2 ft. width of 
road) for at least 15 years ^ViU other provinces please copy? 

Tlic Qjicensland Main Roads Commission making similai experimental 
work on 3 inch concrete road slabs, 8 ft wide on Bnsbanc Valley Highway, 
in 1940, used elaborate tongue joints along the centre line (for a 16 ft. 
roadway) and reinforcements at the centre, edges and also radial comer 
bars_ Even then, there were cracks at the comers. The foundations 
consisted of old, hard, gravel ioad.'_ The importance of bonding the 
cement concrete road on to an old w-ater-bound macadam surface of 
at least G inches thickness is apparent. 

• • ^ 

- ..The average costs of cement concrete slabs as noted in lines 9 and 25 
page 11, and line 14 on page 13, are found to vary from Rs. 22 per 
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hundred square feet to Rs. 25 per 100 cubic feet. There appears to be an 
error, and it would have been helpful if an analysis of the average costs 
for the different items of work were appended. 

The curing done with a 6 inch layer of earth would appear to be 
unusually conservative, and would require a lot of earth. Could we not 
use a thin layer of wet sand say i % inch thick with better results? 

The traffic statistics arc quite useful for giving a correct idea of 
present-day traffic, but it is a moot point whcthci we should not provide 
for expected traffic likely to develop 5 or ro years later. It was not, of 
course, possible to predict the sudden development in road traffic due to 
the present war. But we should be able to assess future tonnage of road 
transport from statistics of other similar areas and it would be betlci to err 
on the higher side, so that we may not have to change from kankcr to 
sealed water-bound witliin say 2 to 3 years. 

It is heartening to learn that Digboi asphalt has stood the tests and 
is just as good as Spramex. We must try to use Indian materials more 
and more, if we want to reduce the India’s Road Bill. 

Mr. Chakravarti deserves our heartiest congratulation for the very 
useful notes he has collected and presented for the benefit of road engineers 
in other provinces. Doubtless, his presence in the P. W. D. Secretariat 
made it easier for him to collect all Ac information and it is suggested that 
the Indian Roads Congress might request other provinces for similar 
experimental data, which would be most valuable in formulating All-India 
Road construction policy and technique. 

Rai Bahadur M. A. Rangaswami (Bihar) 

It is an excellent paper, giving the results of tests and expeiiments 
carried over a period from 1926-1940, on the merits of different types of 
treated road surface in U. P. So fai as U. P. is concerned, the conclusions 
arrived at are given in page 10 of the paper. It is said that kunkar surface 
or brick metalled surface will not take more than 500 tons of mixed traffic 
per day. Secondly, if the intensity of cart traffic is more than 500 tons per 
dav painted surface will not stand the traffic. Thirdly, cement concrete 
surfacing is the only remedy for traffic of above 500 tons (Bullock cart 
traffic) per day on 12 ft. width of road. 

Conditions in North Bihar are very much the same, as some of the 
Districts in U. P. bordering Ganges river and conclusions arrived at in 
U. P. can be easily adopted in North Bihar and possibly in deltaic areas. 

Pages 237-238 of I. R. G. Proceedings, -Volume III, 1937, give 
interesting results of different types of treatment of road surfaces, under 
different intensities of tiaffic. On the Grand Trunk -Road, between 
Bulandshahar anci Ghaziabad the kunkar surface lasted for, only two years 
and from reports of experimenlsjiqat'iie'd.-'on this road, vide page 247 of 
I.R.G. Proceedings, Delhi, Janufti^'i.;j'94j,'^ it is noticed that the section of 
Ghaziabad Bulandshahar rbadwaSiiAjiJo^ed’by adopting cement concrete, 
after doing 5 miles reconstruction- Delhi stone metarsurfacc,- ^'The 
cement conci^te was done i935'-'i937. .. The' intensity of traffic waS 594 
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^ *934 JUid 1268 tons in 1939. Obviously, for such intensities of 
traffic, cement concrete is the only remedy. 

Sir Kenneth Mitchell in his excellent paper, vide pages 49 — 65 of 
I.R.G Proceedings, Vol. VII, Part I, had suggested the adoption of 
cement concrete track-ways for bullock cart traffic. I had constructed 
cement concrctc-cretcways in 1936, in 30 ft feet strips, on an important 
road and all sorts of traffic passed over it, and it is in c.xccllcnt condition — 
no repairs ever having been done to it In this connexion, I would also 
refer to Stuart Chandler’s note on Road Development in Southern 
Rhodesia. . 

f 

It is understood that the U. P. Government are going to improve 
tlie existing road surface to a length of loi miles at an estimated cost of 
17‘ia lakhs obviously using cement concrete for the whole roadway. 

Might it not be possible to segregate bullock cart traffic, construct 
cement concrete creteways, on the lines suggested by Sir Kenneth Mitchell, 
and keep the other surface painted for fast moving vehicular traffic? Thai 
would probably bring down the estimate of i7'22 lakhs to about 12 
lakhs. 


Mr. Muriel], in his paper No. G. 41, has pointedly draivn the 
attention of Engineers and the I R.G. to the need for minimising wastage 
under Technical and Administrative side and Preventable wastage, in the 
shape of improvement of bullock-cait ivheel. Mr. Vesugar has, m his 
paper No. J-ig43, drawn the attention of the Engineers of this Congress to 
the need for a survey of the road conditions and the users of the road, 
particularly the extent and period of bullock cart traffic. 

The type of surface, to be adopted certainly, depends on the intensity 
and TOlumc of traffic, and if any wastage is to be prevented the type of 
road surface to be adopted, deptmding on the intensity and volume of 
tiaffic, should be specified and it is tune, the I.R.G. issues general directions 
towards that object. 

Mr. Ghakravaity’s conclusions, after years of experiments in U. P., 
should pave the way for issue of geneml instructions by the Indian Roads 
Gongress. 

Mr. G.J. Fielder (Shalimar Tar). — Members will be indebted to 
Mr Ghakravarti for having so clearly summarised the vatlous methods of 
Road surface treatment tried and adopted in the U. P. I would like to 
comment on one 01 two aspects of the bituminous treatment dcsciibed in 
the paper. 

Premix Macadam is reported to have been found a costly failure. 
.The binder employed was, I note, a fluxed natural asphalt. Experience 
elsewhere in India has shown with other types of binder tar or bitumen 
that this method of treatment can give sound and economical results which 
justify its adoption under heavy traffic load. It would seem, therefore, 
that further trials with premix macadam would be worth while. 
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Gwuiing also has been found successful, especially in Bengal. The 
speciiication given by the author reveals that a seal coat was applied 
before allowing traflic on the grout. It has been my e.\pcriencc that it is 
desirable to allow traflic on foi a few weeks before applying the seal coat 
as any weak points will show up duiing the compaction which takes place 
under traflic and can be corrected at the time of laying the seal. A further 
improvement which more than repays the extra labour involved is to 
spread the stone chips premired, instead of dry, over the giout. No 
extra binder need be employed for this and the resulting improvement in 
the evenness of profile and camber is most marked. 

For Surface Painting, it appears that no grade tliickcr than road 
tar No. 2 has been employed. The use of the more viscous grades of road 
tar Nos. 3 & 3A for second and subsequent coats is now fairly general 
standard practice and I am confident that they will prove moie effective 
and economical under the climatic conditions of the U. P. Actually, at the 
request of the authoiities, no grades of road tar thinner than No. 3 arc at 
picsent being manufactured and results with the thick grades on metalled 
and kankar roads in the U. P. will be of much inteicst. 


On page 9, para. 2, the author states that for repainting, it is the 
consensus of opinion that the minimum quantity of binder required to 
cover the surface should be used. This, however, is not quite the correct 
way to approach the problem, as the minimum quantity of binder to 
cover a given surface can be varied between limits depending on the 
temperature of the bindci and to some extent the temperature of the 
surface. 


The real factor which should determine the quantity of binder to be 
spread is the size of chippings to be employed. The larger the size grading 
1/4 in., 1/2 in . or 3^4 in the greater the quantity of binder required - say 
16 lbs., 24 lbs., or 32 lbs. per 100 sq. ft. The bindci should then be heated 
to the lowest temperature at which the desired spread can be attained. 

It is particulaily interesting to note that the author has attempted 
to clMsify ^ the various types of stone metal chippings available in his 
province in respect of their relative affinity for binders. The results are 
shown in Appendix II of the paper. I have given affinity tests a certain 
amount of attention and a word of warning is necessary as regards the 
use of such tests in respect of their application to road tars. As is svcll 
known, road tais set by virtue of the evaporation of lower boiling oils 
rather than by mere cooling as in the ease of bitumen. The former 
process lakes time especially in the ease of such a thin tar as No. i and 
samples of chippings coated with tar should be exposed for at least 48 
hours, preferably longer, when they are hydrophilic, before submitting 
them to an affinity test. The author docs not give complete details of 
his test but presumably he has coated his chippings and shaken them 
with water without permitting sufficient time to elapse for the tar to set up, 
which gives the water a better chance lo strip off the tar, while it is still 
comparatively fluid. Testing under such conditions presupposes that the 
road surface is to receive the full blast of monsoon rains within an 'hout 
or so of the application of the road tar. 
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Members may be inteiestcd to hear that, as a result of the exigencies 
of war time conditions, we has’e found it possible to carry out surface 
treatment with load tat during monsoon rains with every success, by the 
simple expedient of first adding lime to the metal. This has the effect of 
absorbing the water on the damp" metal surface and the lime then acts as 
a flller and bestows a quick set upon the road tar. This has been applied 
svith excellent results both for prcmix work on aerodrome runway's and on 
roads. 

While on this subject, I am prompted to suggest that the Congiess 
might, thiOLigh then Technical Sub-oimmittce, assist Road Engineers 
by standardising the tests to be applied to stone metal so that they may 
be able to select from a variety of sources of stone metal those most suitable 
for water-bound macadam construcuon and for bituminous treatment 
These tests would include physical tests for crushing strength, attrition test 
as uell as a test for adhesion. Such tests would be at first somewhat 
tentative, but if Engineers would record their results in the field with 
laboratory test results, correlation should lead to the adoption of testing 
procedure which would form a valuable guide m the selection of the best 
stone metal for road constiuction 
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RAISmG THE ROAD RUPEE RATIO 
WITH A SPECIAL REFERENCE TO THE STEEL TYRE. 

BY 

W. L. MtTRBBLL, B O.E.(MELB.), A.M.INST.O.B., I.S.B., 

Superintending Engineer, North Bihar Circle, Muzaffarpur. 


It IS believed that our President gave us the expression “Road:Rupee 
Ratio”. And most of us see in it our three R-s. Indeed, “Raise the 
Road: Rupee Ratio is the slogan of every one of us-othcnvise we would 
not have become members of the Indian Roads Congress. 


One Expression for the Ratio is 

* “ M 

where M = The total expenditure on vehicles and on road work. 

W = That portion of M which is spent inefficiently, that is to say, 
money wasted. 


Obviously, the best way to raise the ratio is to decrease W, and the 
object of this Paper is to invito discussion on and, if possible, come to 
some decisions on methods of reducing waste. 


So far as the motor vehicles are concerned, many owners will say 
that their present office and establishment expenses arc much too high and 
wasteful in comparison with the number of miles run, and that a greatly 
increased milage of good low-cost roads would prevent this wastage. 

The owners of both the motor and the animal-drawn vehicles may 
say that the best way to prevent waste in running and vehicle 
tnaintenance costs is for the road engineer to provide bettei roads for 
their vehicles to run upon. 

In reply, we road engineers might point to a little excess weight in 
the construction of the cart, or to many draught animals being out-of- 
condition, and thus not being able to give reasonable yoke pressuie per 
unit weight of animal. Or we, in times of peace, might point to obsolete 
and w'asteful motor vehicles. But w'o must surely admit that by far 
the most effective meanB,of reducing transport costs is to have something 
less unreasonable in the way of roads. - 


Therefore, we proceed to the consideration of wastage in road 
construction and maintenance. ' ' 
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If the wastage were represented quantitatively Ijy the area oI a 
circle^ a suggestion for the subdivision ol the circle is shown below - 



A — Administrative wastage 

E— Executive wastage 

T — ^*rechDiquc ivaslngc 

P — Undue wear and tear, oi 
preventable wastage. 

W — ^Aiea of circle, = A + E + T + P. 


It is possible and even probable that the reader will disagiee 
substantially with the above subdivision. In such event it is suggested 
that, before" reading any further, he make his own wastage circle and 
subdivision and then continuing to rend, refer to his own arrangement 
of the respective “wastage sectors”. 


Sector A.— Administrative wostage. 

On pages 6 and 7 (j) of the printed proceedings of onr Ri\th Meeting, 
a roseate but true account was given of road ndministi ntion m the 
federated provinces of Austiaha; but the account did not mention the 
"skeleton” in the Austrahan "cupboard”. 

When the Australian Federal Constitution was being framed, roads 
were left strictly as a matter for the provinces Federation look place 
in 1900 but, for years theieaftor road matters continued to bo muddled 
Systems were tried and discarded and all the time, the countiy developed 
at a far greater speed than its road system. 

At last, the ever-growing national spirit demanded that something 
must be done, and the first wholetime provincial loads board or 
commission was formed in 1913, the other piovmccs followed suit later 
when they saw how well the system was working in the neighbouring 
province. 

In other words, many precious yeara were lost before the new young 
nation began to receive the benefits of an adequate road system. 

Had the Federal Constitntjuii^’'becn on the American model, with 
roads as a Central subject as subject, all that waste of 

time in achieving efficient orSShisiai^rand an adequate road system w'ould 
have been avoided. 
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Had the Indian Roads Congress Resolution* of December 1939 
asking for the Committee of Enquiry' been granted, much vital information 
would have been obtained which would have proved invaluable to help 
the framers of India’s future Constitution. 

So now, to prevent a future administrative situation such as 
occurred in Australia and is occurring in India to-day, it is suggested that 
our Roads Congress set up a standing " Constitution Suggestion 
Committee” whoso sole object would bo to collect, and record opinions on, 
suggestions for consideration by those who will frame the future Indian 
Constitution. Not at any stage would there bo publicitj' or anything that 
would make it appear that the Roads Congress was going outside its own 
sphere, and meddling in politics. 

Like the proposal made in the last war that our airmen might be 
given parachutes, tins may seem a ciazy suggestion, but there is great 
danger of the flaming of the futuie Constitution being left to politicians 
who will naturally follow existing patterns The politicians need sound 
practical advice as regards road administration. Who better could collect 
suggestions, than the Indian Roads Congress ? 

Indeed, who else is to make any suggestions at all on this matter ? 


Sector E. — Executive Wastage. 

Here, considerations commence with the training of the Road 
Engineer in India and, in this respect, our Roads Congress has made a 
start by inviting competitive essays on this subject. 

But, if India is to reap tlie benefits of this competition, there must 
be some agoncj' by which some of the improved methods suggested by the 
competitois, can be collected, given the commendation ol our Roads 
Congiesb, and sent on to those who can give effect to the suggestions. 
The matter has also been touched upon on page 8 (j) of the printed 
Bomhayj' proceedings. 


It is, therefoie, suggested that our Roads Congress might set up a 
standing "Provincial Suggestions Committee” to consider suggestions and 
to recommend to the Council what matters might be addressed to 
educational institutions, local governments, and others. 


Thus also we might deal witli wastage arising from the conditions 
of employment of the executive, from Overseers unto Executive and 
District Engineers. 


Much waste arises from the system of rotational transfers of 
subordinate staff between buildings, irrigation, and roads jurisdictions, 
by which untrained and sometimes uninteicsied subordinates do road work 
that really requites special knowledge jUnjd keenness. 


Interest and keenness can oven among the ordinary staff 

— — — •i 

Fiurcodiiif*'' of the Indian lioads Cdffc^rfsp'bi'iuriu.Vj, Discusbion on Punei J-d9, 
tProccedmgii of Indian Roads VI, 
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by the system of inviting coinpclitivc essays Its 60/- spent in a lond 
Circle might easily save Rs 3,000/- anniiallj’. Tins also iniglii. be 
suggested to all concerned. 

Tliosc pi evinces n Inch have not got a Speeial Ofliccr in charge of 
roads need at least the cqiinalcnt of the pioviiicinl Forest Research 
Of&cci to advise on load nork, co-oidinato research, and to modernise 
provincial roads technique. 

Asiegaids the conditions under which nil CKcept the Madras Di.stiict 
Eiiginccis woik, all will agicc that, if waste is to be picveiitcd, a few 
ficedoms, including tlint from fear, must be cnsnicd to the District 
Engineeis by piOMUcmlusing their bcivicc,citlicr under Government oi by 
having a local sclf-govcrnincnt service It would he for the I'onds 
Congicss Council when opportunity presented itself, to con''idci and send 
on the rccommciidiitioii of (he Fiovmcinl Suggestions Coniniittce in this 
mattei also Oi, nt tlio very least, this inaMcr should he leit in the “gloiy- 
box'* of the Constitution Suggestion Committee 

In Older to prevent the Roads Gongrc'ss from being consideicd as u 
soil of road engineers’ pi ofcs'ional union, any activity of oui proposed 
coininittco would he confined .stiictly to questions of general principle only 
Dealing with individual cn.ses would be biiiicd absolutely 

Before pn'ising on to the lomoming "wastage Ecclois” T and P ot the 
Cade W, it may bo noted that the sectors A and E together form a 
substantial part, of the total orea In other ivoids, if the Indian Roads 
Congress is content to confine itself to strictly tecbiuciil eonsideintions in 
future, it w iH be neglecting much of the field in which wustiigc can be 
prevented, and the fiitiiie load, iiipce ratio mil thon ■aiiflei severely bj^ om 
continued complacency, not to say our lack of sense of civic icsponsibility. 

Sector T.— Waste arising from inefficiency in the technique of road 
engineering and maintenance. 

Undoubtedly, two gieat causc-j ot waste ore the unsuitability of main 
aiiifaces for the land of traflio they have to carry, and inothcienuy in 
maintaining such suifnccs Much of this is imuvoidahlc on the scoic ol 
finances, so uc aie heic concciiied with the waste Hint can be prevented by 
change of technique. Tiie pievcntion of wnste by piovidiiig a highci type 
out of loan money would como undei sector A — ^Administintivo 

Most of us have seen cases whore brick metal oi kiinkci load*- liiive 
been constructed when, owing to the stcol-tyic traffic, cither a lowei oi a 
higher type of surface should have been provided 

We have seen a preraix fail because the aggregate was not tough 
enough, or a suface dressinc spoiled because the chips weio loo tough oi 
too large for the quantity ol binder allowed, — And so on. 

But, whether our past failures were duo to ignoianco or to the use of 
ouUof-date methods, nobody can say that the Indian Roads Congress is 
not ^ing Its best about this Beetor'T- Our meetings and the printed 
KTOrdsofthem are sufficient proof' of -that ' The necessity for more 
P pets describing failorcs is TioVthe’ffiOrfe' evident. 
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Perhaps our Piovincial Suggestions Committee could devise ways and 
means of getting the lespective Grovernmcnts to increase the number of 
their delegates to the Roads Congress. 

The members of the Council and of the various Sub-Committees, not 
to mention the UTilers of papeis, many of them ‘hardy annuals’, take up 
pretty well all the Government-delegated places, and there is insufficient 
"new blood” in the annual meetings. 

So far as the general improvement m technique is concerned, it is 
essential that many more young men should bo coming to the annual 
meetings, and comparing notes with engineers from the neighbouring 
provinces 

There is another direction in which wo seem to be slipping-up in this 
matter of preventing technique ivastage 

High in the list of the declared objects in our Memorandum of 
Association occurs the item — "to promote the use of standard specifications 
and to propose specifications”. 

The reason for this will be clear when it is remembered that the best 
way to get work done well, and so prfevent wastage, is to liave a contract 
based on a good specification. 

There arc many items of road-work which should bo represented by 
good up-to-date specifications in the hands of those suboidmatc to the 
Executive and District Engmeeib, and attached to the contractor’s copy 
oi the contract, especially in the more important load works But such 
specifications and copies aie all loo fciv and, in many cases, there is really 
no definite specification at oil. 

Here, then, cannot our Roads Congress step into the breach by 
publishing specifications * 

A few members have had a tiy to pioducc specifications for adoption 
by the Roads Congress, but the difficulty is that many of us fail to realise 
that half-a-lonf is better than no bread, and so what is put up in the way 
of a specification is picked to pieces and then virtually shelved. It doc'* 
not receive tlic backing of the Roads Congress even in a modified form, or 
as a Roads Congress publication disclaiming responsibility and inviting 
suggestions for revision. 

Sector P.— Undue wear and tear, or preventable wastage on the roads 
themselves. 

As regards motor vehicles, we now know that the high speed and 
excessive unspiung weight of motor vehicles play havoc with all forms of 
surface lower than surface-dressed macadam. 

I 

Surely, it would be reasonable to take some action through our 
Provincial Suggestions Committee to prevent at least public and private 
carriers and all .six-wheeled and other .yehiples with excessive unsprung 
weight, fiom running at excessive, speedy J*\.&'thi8 we would secure the 
co-operation of many of the veUicfe'(^TOe^;A'themselveB. 
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^chicles other than the bnllock cart arc, gcneinllv 
spcahjng, light m weight, imd t.hc wear and Icai due to them run bcurcelv be 
sniU to DB ii)]duc« ' ‘ 


Tlie number of pncumatio oi reasonably wolbconditinncd bioad 
uooaen-tyrcd biiHock caits tjcing itisigniiicnnl in eompniisoii xuth the 
niiinbei ot bteel-tyrcd bullock carts, it is to the list-named that the write! 
tittribulc^ tlip (Ticalui piiH of Ikc'WAstiige npctoi P, 

It niiglit seive some pm pose to esliiimte louehlr wliat this 
picveiitnblp unstiigo is 


^Iccoiding to '‘Indian Itonds” foi Juno 1!I3S, the roads m All-India 
total about 2,11,000 miles, ineludiiig all kinds of motornblr roads By 
substituting for the bleel-fyre with a broad tvie of the latidness and 
toughness of hnrduood, nc might save, say Rs. 400/- a mile in some cases, 
and Rs 50/- a mile in otberfl, jicr annum If tlic avciauc savini; ume onlj 
11s IflO/- pci mile, the All- India saMng by ndopling a i'(iin|>i'miiHe tyie 
uould be aoraetliiii!' like I’s 'Pivo eioie- niinuiilly * 

This sum should, therefore, be eonsidciod as 1111011111 wastu if it can 
bo alioiMi that the eompiomise tyio is ultimately laacticiible on an almost 
universal scale The remainder of tliib P,ipci is a further atleiiipt to show 
that a compiomise tyic mil be attainable inoie 01 less imiveisally 

I'lie follouiiig me the obvion-'lv essmitial (inablientinns for any mm 
lent 111 c in the biilluok-eait wheel — 

(1) The feature nmst result m the mimmum pnssihh* ehiince in design 
oi the pieseiit Mlietl 

(ii) The lien lentiiie must he capable ol iiibiiention by the osisUug 
village blacksmiths and wheel-ii 1 ighta, and at reasonable expense. 

(ill) The ncTiN tyre must iioieasonably icsistiint to wear 

(iv) Ropnir.s must be inexpensive, and within the spope of flic existing 
milage uhcel-wiights 

(vj it uoiild be good if the new tyiu could be htled to existing 
bnlloek-uait wheels 

Ab rcgaidu its hub and spokes, the Indian bullock cait wheel is 
divided into two main types as shown in Photograph I 

Foi want of a.hetUu naiiie, I haiT called 0 . 10)1 of these assBmblic« a 
" spidci' 

The spider on the IcR ronsist'. of six ami'*, gcncially cuived, diiven 
ihiouglrthc hub. The widissl and thinnoxt pan arc diivon from opposite 
sides iirsl. The tince pairs of aims go light tiuoiigli tlic hub, avoiding the 
axle and mtcipcnctrnting among themselves This woik no less than the 
fitting and wedging of tho six of wood felloe .mil their ‘connecting 

w 'den dowels 111 the wheel of the oidinniy bullock cait riiiist incidentally, 
Ufout/e our aduniation for the -'OT'jslilful woik of the oidinary Indian 
vil'op "heel-wright. ’ 








Spider above tyie assembly for inaikmg 
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For convenience, let ns call this firsi type of wlieel the "arm” type, 
indicated bj' the letter A when lefemnp to the ejqjerimentnl wheels 
described below 

The main point about this A tj-pe '‘bpider” is that the light-driving 
of the arms in the hnb, and the interpenetration of the arms among 
themselves result in the secure fixing of the arms. The idea is at least 
3000 years old — as old ns Harappa itself — and is, therefore, to be respected 
highly. 

On the right in Photograph 1 is shown the other type 'of "spider”, 
with radial spokes Jioused to a depth of about 3 inches in the hub, the 
alternate housings being staggered, from about an inch to 3 inches, around 
the circumference of the hub. 

Without the modern Satanic (shrunk-on) steel tyre to keep the spokes 
well-pressed into their hub liousings, this arrangement would be impossible, 
but tens of thousands of wheel-wrights have learned to build according to 
this principle, and they must be considered. 

For convenience, let us call this second type of wheel the “spoke” 
type, indicated by the lettei* “S” when refening to the experimental wheel 
described below 

Pi obably, over Dfl per cent, of the wheels in Bihar are of the A-type, 
and so the improvement of this wheel was attempted first, experimental 
wheels 1 to 5, 7, and 8A having a main feature common to the construction 
of each. 

The design keeps the A-type spider wiiich is made in the village for 
about Bs. 51 - 

I 

The design scraps the steel tyre and the six sections of felloe, the 
twelve felloe wedges, and the six wooden dowels. 

Instead, it adopts six T-shaped wood tyre sections shown in 
Photograph 2, and two mild steel flange rings, samples of which are shown 
in Photograph 3. In' this last Photograph there are, on the leit, a pair of 
flnt-iroii flange rings of 4 feet external diameter. Next, there are angle-iron 
flange rings ot 4 and 3^. feet diameter respectively, and on the right, a 
flat-ii on flange ring of 34 feet diameter, and a pair of flange rings 3 feet in 
diameter. 

Photograph 4 show.s five wood tyre sections assembled, with the iron 
flange rings bolted to the sides of the stalk of the tyre, 'the sixth section 
having been taken out by undoing three bolts and nuts. 

Assembly is simple. 

First, the six T-shaped tyre sections are laid ;Out as shown in 
Photograph 5, and one flange ring is bolted tor the 'ilower side of all the 
wooden stalks of the sections. • ■ ■ 

Next, as shown m Photo^raph.fi, .tJic*A-typB-spider is placed centrally 
over the tyre assembly, a hole 'being; imidbjfl''thQ^ound for the hub, and 
the wooden stalk u.scribr'd for udtciie^'to ibofitia^e to house tho ends of the 
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arms The arras are also marked so that they can be out off to the right 
length, to fit snugly into the notched housings m the 'wooden stalk 

Photograph 7 shows the tyre and lowoi flange ring reassembled, after 
cutting the notched housings in the stalk. 

Photograph 8 shows the spider with its .irms cut to the required 
length, and bedded doun snugly m the stalk housings Where the arms 
are not the full depth of the length of the housing notch, pieces of hard 
wood packing arc fixed, each with a brass screw, to make up the full 
width of the stalk 

Photograph 9 shows the upper flange ring bolted on, and the 
wheel then has its hub boied for the two iron liners or “ orwuns ", after 
which it IS ready for the cart and for the road, as shonn in 
Photograph 10 

It mil be seen that the design complies fairly well willi the necessary 
qualifications (i) to (iv) given on page 48. 

The tno flange rings, instead of one steel tyre, add a little to the 
weight and expense, but the flange rings arc not subject to near as 
in the case of the tyre and so they may be handed down from father 
to son, as is the agriculturalist cancr'a iron axle. 

Tho ■vi eight of wood 1 '' ‘•omen hat more than that m the ordinary 
nlicel, so ns to allow for iicar but the adoption of the nngleoron, instead 
of the flatdron flange ring, may enable the thickness and weight of the 
wooden tjTO to bo decreased. 

On tho other hand, tho wood tjTC section", have no wedges or dowels, 
and so are oasiei and cheaper to construct and icplnre 

Actiinlli , the seven A-typo •wheels each have different minor feat in cs 
of construction so as to ascertain whether three bolts or two bolt'' per 
section, or whether 1/2 inch or 3/S inch bolls are requited 

In one wheel, the stalk housings have been flushed with thick tar to 
asceitam whether tliis will improve durability and, in other e.-isc'., the side 
of tlie stall; and the inside of the flange ring have been painted w itli red 
lead 01 highly vi'coiis tar hcforc assembly to see if this will improve the 
grip of the flange rings on the t 3 're stalk. 

TJie bolts have, variously, onlj* ono nut. a nut and lock nut, a nut 
and one or two spring -washors, and so on to ascertain whether it h 
necessary to allow for expaii'ion or contraction of tho stalk in tho monsoon 
or dry weather. 

In this coiincHion, n friend has reccnllj’ suggested that the village 
whcel-wright will •iii| .c with bolts and nuts by using heated short 
lengths of lonnd iron 'iuds r. rivets in order to reduce cost. And the 
village wheel-wncht will keep i.iie=e same " rivets ” for two or three re- 
placements of the tvre, caltir^ off the 'i ’t and making Iho w’oed stalk 
of tho new’ tyre 1/8 inch less for cawf,' -./placement in o.-der to get 1/8 
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inch of rivet to burr do'ivn and rivet Unfortunately there is no time now 
to get such a wheel made for test under wet and dry conditions. 

These broad wooden tyres, varying in width from 0 inches down to 
inches according to the size of wheel, are meant chiefly for the great 
alluvial tracts of India where, as road metal costs nearly a rupee a 
hat-full, the roads are chiefly of earth, and sometimes of hunker or burnt 
brick In these tracts, the density of population and carts is much 
greater tlian in the other tiiral districts. 

But attempts are also being made with a view to helping the broad 
wooden tyre to stand up to metalled surfaces. 

At the instance of our President one 4i feet diameter by 6 inch wooden- 
tyred wheel has been sent to the Ahpur Test House for the impregnation 
and indinntion of its wood tyre with resin, under the direction of Dr. Sir 
Bhatnagar, the Director of Industrial and Scientific Research, and a similar 
wheel has been sent to the Test House for a covering of rubber 
incorporating coarse steel fillings. 

The remaining wheels have sections made of different kinds of wood — 
si&aiii, jamoon, tamarind, sal, teak, mango and even simul, with a view 
to ascertaining which inll wear best. 

The soft woods have been tried because it is stated that, in the 
case of "a grind-stone running with a steel axle in w'ooden bearings, the 
axle wears before the bearing, owing to the grit lodging in the softer 
material and thus wearing the steel that rotates against it. 

It IS hoped to apply this same principle to the soft-wood tyres. 

The idea is to make the soft-wood tyre pick up road grit, and so 
arm itself against the road, rather than be worn out by the road. 


On the left and on the right in Photograph 11 are shown sections 
of soft-wood tyre with saw cuts, about J-inch deep, across the tread 
uith a view to impiegnating the tread with tar and bitumen cut-backs, 
poured along the grooves after closing their ends with 20—30 penetration 
bitumen shown in Photograph 12 The spacing of the saw-cuts is varied 
in order to find which spacing gives the bestimpregnaiion. 


A suggestion has since been leceived that it would lie better to do 
the impregnation m the pressuie plant used for "Ascu”, or “boil” the 
sections of tyre in a fluxed bitumen or in tar in one of the large pans 
used for making giir in the villages. These methods would certainly be 
less messj'. 


A develojiment from this idea is to _ give the wooden surface an 
armour coat by deliberately fixing Palnir stone chips on -.the tread rather 
tlian leave the wheel to pick up its owi protective road grit. The wheel 
on the right of Pliotograph 11 shows a soft-wood tread, and tlu wheel in 
Photograph 13 shows a hard wood tread with some sapwood, both holed 
with a centre-bit and primed before being grven'ahotmix of 20—30 
penetration asphaltic cement or liigh-visposity ,tar and pitch. 

It IS hoped to :have.”all“, HbeSe^liecls*^B<fJiB^jlii t meeting of the 
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Roods Congress where those inteicstcd in their various 
expenmentol features may be able to sec them and to lead the full 
details of theii preparation, the test sheets, and possibly some of the 
results of the tests. 

It has been stated, that owing to tlicir great breadth and “sheer” 
or vertical sides, these wooden tyres will stick badly w'hcic the mud is 
deep. 

Rai Sahib Lola Fateh Chand gave a memorable reply once to the 
effect that thcie ought to he no such persons as coolies. 1 uould like to 
reply similarly, that there ought to be no such things as very muddy 
roads, and when the compromise tyre makes the low-cost road possible, 
there will bo no very muddy roadi • 

However, Photograph 14 shows a broad wood tyre with one section 
of 6 inches wide tiead and sheer sides, and the other five sections of 
inches wide tread irith sloping sides The track' of this wheel will be 
examined for variation of road suction. 

The icmaining desideratum, that the new type of tyre should be 
capable of being fixed to existing wheels, can also be realised Figure 15 
shows an ordinary A- type cait wheel. On the right is shown an 
assembly of T-shaped bioad woodtyre sections, with extra wide but 
thinner flange rings 

In order to fit the new tjie to the old wheel, the old steel tyro is 
removed from the wheel, and the entire periphery of tlio old felloe is cut 
m a series of cun’ed steps, as shown below. 



The tyre and flange ring assembly is then laid flat on the ground 
and the upper flange ring is lemoved The wlieel is then placed centrally 
over the assembly, and the stalks of the assembly arc scribed to fit the 
curved steps on the felloe. Then the stalk is cut to fit the felloe. 

The wheel is then slipped into the tyro assembly, rotated slightly 
anti-clockwiEc till tight, and then small chips of w’ood arc placed in the 
gaps between the riser of the curved steps before re-fixing the flange 
ring. 

The ordinary wheel thus modified is colled the R-type wheel, the 
letter Indicating that tho wheel has been lemodclled. It is hoped to 
have this wheel also on view’ at the next meeting. 

There remains the ipoke, or S-type wheel. 

If only some mean', could be found for keeping all the spokes 
pressed well liome'in th .'’nosings, the T-sliaped wooden tyre and 
flange rings method pieriousli ' nenbed, could be used here also; but 
such meoHL is iiot icddily < ,# tu. 




15 a 15 o 

Conversion Old. ivlieel ivith stepped^ periphery placed Conversion — Hope removed, stalks cut and reassembled, 

centrally over assembly for scribing the stalks. Uange ring ready for bolting on. 



Dincrcnt rim a'.sombly for S-tA no hDidcr. 
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One solution is that of "skr-wiring'’, which it is hoped also to have 
on view. The system appears rather clumsy, so a new approach has 
been made to the problem. 

Photograph No. 16 shows an entirely different form of flange ring. 
In this case, two IV); J-inch angles arc spot-welded leg-to-leg, 
tlio T-shaped wood .section used in 'I^pc A being held by bolts between the 
parallel legs of the angles. 

A 3-inch channel iron could have been used, but it would he 
rather heavy. 

Eor as.sembi 3 % the tyre and flange ring arc laid flat on the ground 
and the S-type spider is placed centrally over them, a hole in the ground 
being made for the hub. The spokes arc then cut so as to fit inside the 
flange ring in which position they arc held each by an iron cleat, wedge, 
and either a few turns of galvanised iron wire, or a |-inch diameter U bolt. 
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H>owglJ there i, no went m 
them and thej should last for many years, the twelve iron wedge', and 
cleats constitute too many parts, and add 'somowhnt to the weiglit and co^t. 


Ollicnvise, all the five dcsideiata ineiilioiicd foi the A- type 
compromise n heel arc rcalihcd in the S-type also, though not quite so 
''atisfactorily Perhaps ineinheis can miggcst something 


The cost of making each wheel has not been recorded as Uie labour 
could not be strictly supei vised except on holidays, and some 
mnteiinl nas wasted owing to mistakos * 


But it Mill be evident that the unlicatcd A-t>pe Mill be more 
expensive tlinn onhnaiy sleel-tyrcd wheel by an nmoiint appioNimalcly 
equal to tlie cost of one flange ring, the drilling of holes m the flange 
rings and the piovision of the Iiolts and nuts, a lupoc oi two owing 
to the T-shaped sections being niiieli easier to make and fit than the 
ordinary felloes and their sliriink-on rim Ronglily, the cost would he 
somewhat less than double that of (he slecl-lyicrl wlicel, which latter 
in Bihar is from Rs lly- to R*- 16/- according to quality, foi .1 large 
steel-tyred w heel 

When fiusl thej aie seen, these cnmpioinise wheels give one the 
iinpiession of Iiciiig clumsy and heavy. As icgiiids elumsmess, it will 
be icmemheicd tliat, when we wcic all used to the sight of the 
high picssuie pncuiuntie tjre, the new balloon tyres also looked clumsy 
It IS all a question of what we have been accustomed to. 

As regnids wciglit, it imiy kmdlv he remenihcicd that 
these wlicels are onlv fiist efloits Helpful criticism, ftitlliei models 
and experiments, and eventual st,in(lnidisation and mnss-production 
would doubtless result in the coinpiomise wheel eventually being nindc 
considerably lighter than the ordmnij steel-tyred wheel. 

AVhat .1 gicat help it would Ik* to eaitincn il t lie flange iings eoiihl 
be staiidaidiscd lu about 4 awies, if the village “iiiisliis” made and stocked 
.standnid wooden T-shaped .sections, 01 if slandaid impicgnatcd or 
eomprcssed wood or jute filiie T-sIiaped sections could he tinned out by 
oiganiscd industi V more 01 less ni the disliict lieadqiiai ters tow n 


Theiv IS a lery impoitont matter which iniglil non lie mentioned 


Thu conrhisions of the Indian Tiansport Advisory Council arc, 
piactic.i!ly speaking, 1 ceommciKlntions to nil Roveinments in India, 
including the Ountial Government 

This m-itlcr of improving the. bullock eait wdiccl w’ns discussed at 
some length in the 1941 Mcotuiff-of tlu’ Tiaiispoit,Advisort Council, and tho 
Council I'ccoinmended tliut should he made with hard 

•woods or other possible i^iateualftfor’^n^'S?i){‘}''Vt ^ 
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Apparently, the only appreciable organiaed effort being made to 
invent compromise tyres is that of the Indian Roads Congress, its Council 
having offeied a handsome honorarium, annuallj' for three years, for the 
best practical design for a wheel to replace the steel-tyred bullock-cart 
Avheel Also the Council has honoured the Autlior by financing the cost 
of his making a few wheels to demonstrate the A-type, R-type and S-type 
broad-tyicd compromise wheel. 

It is now suggested that there should be a standing “Bullock-cart 
Wheel Committee” which -will consider the designs submitted during the 
above-mentioned competitions, and which, having chosen a few of the 
more likely designs, will get full-scale models constructed, tested, and 
icported upon. It is imperative that we proceed beyond the stage of 
u Tiling, making sketches and talking • 

In this connection it is submitted, with the utmost emphasis that the 
author of a paper can command, that this is no petty mattei to be financed 
from the very slender resources of the Indian Roads Congress It is now 
stressed that the Transport Advisory Council has opened the door to the 
Roads Congiess and that, war or no war, two crores of rupees n asted anuiially 
IS no meie bagatelle, and there must be a well-qualified well-paid technician 
working whole-time on the compromise wheel problem in consultation 
with the Bullock-cart Wheel Committee, all expenses being met by the 
Central Government, and not by the Roads Congress. The annual cost 
Avould be but a fraction of one per cent, ot the annual receipts of the 
Central Road Fund. The finding of the compromise wheel capable of 
universal adoption in India would give the Central Road Fund ii most 
startling and entirely new meaning. 


It is time this Paper concluded, but would the reader please loolc 
again at the circle of waste — either the Author’s or that prepaicd by 
himself 

Out of tlic 85 papers read before our Roads Congress, 71) deal with 
waste-sector T, two touch on waste-sector P, and foiii — only four, those 
on pneumatic and compromise tyres and on track-w.ays — deal DIRECTLY 
with the waste-sector P. 

It is now pleaded that moie upholders of our slogan “Raise the 
Road : Rupee Ratio iiiaj*, in future papers, break more ground in t.he 
waste-sectois other than T, notably in the waste-sector P 


Closing this Paper, it is emphasised that 'the preventable damage 
to All-India’s roads, which the Author rightly or wrongly " jmts at Rs. 2 
crores annually, is but part of the great issue - 
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The other part is that the universal compromise ivhcel mil immedia- 
tely make possible the goal of those of the Indian Ronds Congress srho 
have been ■working for tho tmly gieat cause of the low-cost road, 
(notably Messrs. S. R. Mehta, 6. W. D. Brendon, 0. L Chand, N. N. 
Ayyangcr, T. 6. R. Herasworth and Lieut -Col. A. V. T. Wakely)— the 
low-cost road which was needed by the vdlagcis long before the internal 
combustion engine was invented, and for which most of them, to say no- 
thing of all the other road users, arc waiting still. 
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Mr. N. V. Modak (Chairman) called upon Mr, \V. L. Murrell 
to introduce his paper on "Raising the Road-Rupee Ratio with a special 
lefcrencc to the steel tyre’’ The above paper was taken as read. 

DISCUSSIONS. 

Mr. W.L. Murrell (Bihar) introducing his paper said:— if you 
have ever done anything unoithodox.and waited, with mixed feelings of 
fear and curiosity as to the result of your own temerity, you will realise 
how anxious I am as to the way in which my paper may be received 

In a meeting of technical men is it a crime or a service to suggest 
a "Constitution Suggestion Committee”, or to propound a “Provincial 
Suggestions Committee 

It would be very greatly appreciated if an> one speaking on this 
paper would give his opinion so that, if the suppoitcrs of the proposals 
foi such committees should prove sufficiently numerous, we might get 
on with the formation of these committees without delay 

Turning now to the subject of the bullock-cait wheel, for which I 
ardently hope a third committee may be formed, I feel that I should 
have stated that the broad wooden tj'rc is meant foi good, smooth, 
extensive load surfaces in cities, and well maintained surfaced highways, 
as well as for th’c low-cost roads of the great alluvial tracts of India 

The tests made to date have shown: — 

1. That the simple, flat-iron flange rings gi ip the sides of the 
wooden tyie better than the more expensive and heavier 
angle-iron flange rings. 

2. That, with certain woods at least, theie is very little swelling 
and shrinking across the grain, so that expensive bolts and 
nuts can be replaced by iivets made of round iron from the 
bazaar. In this connection, the Forest Research Institute, 
Dehra Dun, will be able to give very valuable advice as 
to any further experiments. 

3. Viscous tai or bitumen placed between the flange rings 
and the wood tyre, and in the spoke housings in the tyre 
is good. 

I would plead before this Gongtess that sufficient has been 
done to indicate that the broad wood tyie is an economically practical 
proposition, worthy of development by pioperly oi’ganised, large scale, 
further experiments' carried out under a whole-time engineer. 

In other words, it is time that the Government of India were 
approached to implement the recommendation of the 1941 Meeting 
of the Transport Advisory Council, that “Experiments should be made 
with hard woods or other possible matciials for \vhccl rims”. It would 
be for the proposed Bullock-cart Wheel Committee to act for the Indian 
Roads Congress in this matter 

About 18 months ago, I .prepaicd- an estimate for Rs. 21,500 for 
the employment ' bf an ,Assisl.ini En^ncer and staff -fqi 9 months to 
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ptepaie 40 pairs of bioad wooflen tyicSj and to test them on cai then, 
kunkar, mooram, brick metal, stone metal, and black top roads 

The salaiy of an Assistant Engineer was to lie Rs. 300 per mensem 
witli a payment of Rs. 400 for the lepoi t 

I now mge that' the Central Goveinment be asked to sanction 
this proposal and that this Roads Congress appoint a Siib-conimittec 
to contrpl the woik and to submit a final report to. the Roads Congicss 

The lugcticy of the decision as to the final type 01 types of 
broad wood tyre to be adopted must be patent to all. Wc aie all 
thinking of the pi ogiamme of load development after the war. But mc 
must realise that the actual specification of the projected roads depends 
on the ii'Iitcls that will use them. 

"Will the broad wood tyre be developed to its final stage too 
late to afiect the specification of roads for India's post-war programme ^ 

The wood tyred wheels brought to Gwalioi arc some of about a 
dozen which I constiucted with financial aid from the Roads Congress. 
The idea in bringing them here is to encourage helpful ci iticism and sug- 
gestions from the members. George Stevenson built the “Rocket ' but 
many have helped to evolve the modern steam locomotive 

Mr. E. P. Nicolaides (Gammons, Bombay): — 

IVith the steady and keen attention given .to the impi ovement ol^ 
the bullocl:-cau-stecl-tyrcd wheel, Mi Mutrcll is b\ now an authorit) 
on this .subject .ind I am ceiuin that his valuable work entitles him to 
the gratitude of everyone interested in Roads and Road Transport 

I n his papei under discussion the author estimates that the stcel- 
tyiCd-bullock-cait wheel causes to the Roads of India wear and teai 
costing annually some tw’o croics of Rupees he considcis this c.\penditurc 
a pi even tabic w.nstagc heavily impairing the road-rupee lalio and he 
pioposcs conscqucntlj seveial interesting samples of w'oodcn tyred 
bullock cart W'hcels which arc intended to reduce considerably the 
annual expendituic on road maintenance. 


That the wooden tyies wall save to the P W. D load maintcnaiiCe 
costs cannot be questioned and the 1 dative amount of a croi cs estimated 
by Mr. Mmi ell IS perhaps not far wrong; I may how’cvcr be peimittcd 
to doubt if the mannci of solving the siccl-tyi cd wheel problem can be 
decided only by the financial benefits dciivcd by the P. W D. It must 
not be forgotten always that the money spent on road maintenance is 
actually paid by the load using public and any scheme for reducing 
load maintenance costs either through improvements of the road or 
improvements of the vehicles - can be financially warranted only if the 
same road-using-publlc; 'which actually pays for the scheme gets also 
substantial financial iTciiefits-fiom it. 


ift itwilL lit "perhaps more correct to deal 
RatiiT ,thc simpler Road-Rupee 
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Now in Mr. Murrell’s proposals wc may accept that the road-using 
public will save on one hand 2 crorcs of rupees' annually; but on the 
other hand the bullock-cart owners who arc the largest and cheapest 
agent of road transport will be asked to pay moie for the initial cost, 
maintenance and ixiplaccmcnl chaiges of their bullock-cart wheeh 

Ml Murrell estimates the cost .of the imticated wooden t>red 
wheel to be about twice as much as a steel tyred wheel costing at present 
an average of Rs. 13/8/- each If the steel tyied wheels of a bullock- 
cart require complete renewal’ in say 10 years oh an average, I think 
it V ould be fairly con cct to assume that its pioposed imticated wooden 
' tyred substitute will not last more than half this peiiod i. c. 5 yeais, 
considering the much heavier ^vear of wood as compared to steel. 

This means that every 5 yeais the 6,500,000 bullock carts of India 

will have to spend about Q X 6500000 X 2 X 13.5 = 35 crores of lupees, 

to change a pair of wooden tyred wheels, whereas with steel tyred 

wheels they would be spending half that amount in ten years. The 

e.\tra annual cost of hullock-carts with wooden tyred wheels comes 

• * 

therefore to ^ — - 23 — = 6i ciorcs of rupees audit is cei tain that * the 
5 2 y 10 

bullock-cart owners in this case will raise tlicii chaigcs propoi tionately 
making finally the road-using public to pay annually 6} croics of rupees 
moie on their road transport. 

Thus it will b§ seen that tlic wooden tyred wheel while saving 2 
crorcs of rupees annually in road maintenance, is likely to raise the 
cost of transport by bullock carts by 6} croics of lupecs annually and 
prove financially unwarranted from the point of view of the load-using 
public. 

From the above considerations one may conclude as a principle that 
any substitute to the steel tyied bullock-cait wheel will only be wariant- 
cd financially if it costs to the bullock-cail owners less in maintenance 
and leplaccmcnt charges than the amount it saves in road maintenance. 
So long as this is not attainable it seenis moi e economical to keep on 
spending on road maintciiance and impose on the bullock-cart with steel 
tyres a lax propoi tionatc to the damage it causes to the loads. Such a 
tax ivould come only to about Rs. 3/- per cart annually and should not 
prove a heavy burden to the cart owner. 

Rai Saheb S K. Ghose (Bihar). 

It is inteiestin't -to note that although this paper was written more 
than two years ago, the aiguments put forward liy the author for putting 
a stop to all forms of wastage on India’s roads, have now an’ added force, 
in spite of the topsy-turvying elTcct of the Second World ^War. 

In the denominator of the right hand.- L'.xpre3sion for the Ratio, 
(page 43) perhaps it would be dosirable to.aSd; i 7 ;--'thc capitalized value 
of the lost IWes and injured limbs on'l«di^Sr’»'Cbngai-’ous” loads so tliat 



56 (d) 


Paper C— il— Disctfssioir. 


\Vc have it on the autliority ot Mi II, 15 . Oimctod (in Indian 
Roads, December, 193(1, page iG) that the number of dcntlis from motoi 
accidents in India IS the highest 111 the woiM, and he pcittnently obsci- 
ves, “Tlicic can be no safe (a when speeds maintained by various users 
of the load vaiyJroin 2 miles an houi to 60 miles an hour, on one and 
llie same traclt’’, Wlien thei c is not enough road-ividtli to accommodate 
c\cn a single lane of fast tiallic, arc we lustificd in tiling to pcipctuatc 
the bullock-cai ts, by removing llic steel fiom the pcriphciy of the cart 
wheel, to inside the wooden 11m ? Would it not be bctlci foi the Indian 
Roads Congress to educate public opinion thioiigh the Press, against the 
positive injuiy being done Iiy steel tyics ol caits, and agitate foi ihcii 
giadual c.\tinciion '* The aiunial-dia\m call, as ii earner of heavy goods, 
has dis.ippcaicd fioin all othci count! ics 111 the woild except pet haps the 
liast Indies and parts of South Amciica The modem tempo and speed 
of the woild will not tolerate caits jogging along .it two to tliiec miles pci 
houi , no mattei whcthei thev has c steel 01 iroodcn i) 1 cs Even in the 
supcistitioii'iidden couiuiy, wheic ti<uhtions die haid, the Pii'<h~Push, the 
lioisc tiani, and the camel cait, .ill have disappcaicd fiom oui loads 
within living mcinoiy. ^Vhy should not the huIlock-Lai t be cajoled to he 
.1 “good bo)”? It should he lusticated liy popiilai* legislation A sliong 
Central Autliority w ith the neccssat ) sanctions 1 mild do it 

The absence of a Cential Co-oidinaiing Aiithoiity led to the “Baiilc 
of the Gauges” III the Australian Railway sysicni, as a icsiilt of which it 
takes only 4 days to cover about 3,000 miles Horn Melbourne to Pcith with 
four bleaks of gauges The same divciging tendencies aic noUccablc iii the 
many hundicds of authoiitics who aic conti oiling the destinies of India’s 
roads. , 

The Authors suggcslion about pubhsliing '1110 dilfciciit suggestions 
loi improsing the education of the Road Engmeci in India should be given 
effect to by the Congicss The icmaiks made about the waste icsultmg 
from tiansfeis fiom Buildings m Ti ligation to Road charges aic too tuic, 
and we should lake effective steps to stop this system. 

In this connecuoii, I would sciiously suggest die inlioduciioii o| .1 
“Student” class of mrnibcishlp of the Indian Roads Congiess, so that ilie 
P.W D., or Distiict Boaid, 01 ollici loads staff, who base the neces- 
sary minimum qualilicaiions, may base ihe benefit of Ic.iiinng 
methods and specifications elr by liasing c‘asy access to the published 
literature of this unique in«litution which deals «-olcly w'llh load pioblcms 

ARoads Reseaich Oflicci is a uyiiig need loi co-oidinating the 
oNpciiracntal work being done in the different piovinccs In Bihai, foi 
example, the "Roads Technologisi” has not yet turned up. although he is 
long os’cidue It is sinccicly' believed that the Authoi. whoscstioiig 
views about the impioveincnt of loads and load icscaich in India aic well- 
know'n to members of the Indian Roads Congicss, will bp able to peisnade 
the Gosemmaits to icmcdv the long-standing defects in the system ol 
Road Adminisiiation, now that he is at the helm of affaiis, as the Chief 
Engineer of all Mihtaiy Woiks in Bihar and also as a leading memliei ol 
the Council in the Roads Congi c.ss. 

'Ihis bession of the Congicss will niaik <1 luining point 111 tlie hisiui-s 
of Roads in India, as it will have to chalk out the Post-wai Road Policy 
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for India and w must think thrice Wore we help to perpetuate the slow 
moving bullock-c.ii t in the New Eva of Speed and .Piogicss. 

Mr. V.N. Rangaswami (Burmah Shell, Madras) . — 

■Mr. Muncll. on page 45 of his papm', on 
Ratoo" has icfencd to the Essay ctmpctltion heU, f . ' ijsls^d 

of "ttaining of the Road Enginee. in Indta" He has ught^ 
that, if wc aic to benefit by any such competition, ^ , 

aecnev bv M’hicli any useful suggestions made by the competitois, ciui I 
collected, given the commendation of the Roads Congiess ^ j . 
those who can give effect to these p.oposals.^ I Z 

end, a “Provincial Suggestions Comimtlcc which, i ’ r «-i 

Silent idS by itself®! am hosvefcr »rt“W W^wdl nm ''hte 
the suggestions of this Committee to educational institutions will "O*- 
thedefred lesult. It is exticmely unlikely tluit these institutions will 
take any prompt initiative in the mailer. For example, copies of t 
I.R.G. bulletin No. 5 (1942) were sent by me to the I^»cctor of Public 
Instruction, Registrai of the Univcisily, and 1 1 incipals of thii Engiiicci 1 g 

Colleges, in South India and the subjcct-m.aUcr was discussed with .some 
of them. To. the best of my knoivlcdgc, however, nothing has been 
done so far to revise 01 expand tlic cuniculum in Highway Enginceung 
nor to start a special couise in Highway Engineering, as suggested in Die 
Essay. It is paiadoxical that whilst, it is possible, ii(3W-.i-cIa\s, loi <i 
young man m this couiitiy to find faciliiics foi training in the moie 
recently established branches of Engineering such as Automobile 
Engineering, Aeronautical Engincciing, Wiiclcss Isngincciing etc., ihcic 
is no institution wlicie an aspiiing load engincci [on whom so much 
depends to iiicicasc the Road-Rupee Ratio] can get liaining foi the limc- 
lionouied piofessioii of Telfoid and Macadain. I suggest, thcicfore, that 
rather than leave the question uf stimulation and piopaganda in the 
hands of the "Pioviiicial Suggestions Committee” or at the mercy of 
provincial institutions, the Congress set up a Sub-commitlcc to icvieiv 
the position of ‘‘technical education of the road engineer” in India to*day 
It should then foi waid its recommendations to the Govcimnent of India 
with a icquest that they establish, to stait with, a Chaii of Highway 
Engineering at one of the Indian Universities or iit the Indian Institute 
of Science at Bangaloic whei’C courses in ^Vilclcss Engineering, 
Aeionautical Engincciing, etc., exist now. It might be aigucd that the 
question of pioviding tlic iicccssaiy finance for such .1 Chair might be 
a problem. I, however, venture to suggest ihat a conliibution from 
the Reserve in the Road Fund fbr this purpose would be .an appropriate 
P>rm of expenditure for which tins fund has been consiitutcd. I would also 
like to commend for your consideration that such a Chair might be 
appropriately named "Sir Kenneth Mitchell Chair of Highway 
Engincciing” in recognition of the sci vices rendered by Sir Kenneth to 
roads and load engineering in India in the same way as the "Sii Henry 
Maybury Chair of Highway Engineering” in the Imperial College of 
Science, London, was instituted to commcinoi.itc the sen ices rendered 
by Sir Henry Maybury to Highway Enginceiing in the U.K. I hope 
the Council of tlie Congress will give this subject matter their earnest and 
immediate attention as the question of providing trained iieisonnel, for 
any Post-War Road Reconstruction plan, i*, a matter which slioulcl 
leceive our attention here and now. 
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Mr. Kynnersley (Concrete Association, Bombay) : — 

MivMuiicU hns .ilicadv been conginliiLitccl on pioducing this 
\ aliiciblc thought-provoking paper and I feel that his suggestion that im- 
incdintc funds be made av.iilablc by the Central Govcrnmcnl to this Hoads 
Cungiesslbi thespccifii. object orputtiii* into effect tlic suggestions of the 
Snb-cominittcc appointed to deal with this in ittei which may be either 
for more c\pcii mental woik on a wheel oi foi the manufacture and pic- 
sentatioii of a sm.xll numbci of cai Ls fitted with special wliccls to Provincial 
iiiial nuthoiitics ivlio would see these carts wcic used and tested methodi- 
cally and ivho would send in detailed reports witinn a given period of 
lime 


'riicie IS one suggestion, 1 would like to make to Mi Murrell in 
(.oiinection \s iih the shape of tiie i iin portion Would it not be better to 
rut back the sides of the mn portion to give a small cleat .nice angle to 
.ivoid fiiciion and siiciion in clayes .ind muddy aicas ? 

Mr. M.A. Rnngaswuiny (Bihar). 

Ml. Miiricll lias, indeed, done jconien scivicc to India, m iocussmg 
the attention of all Enginecis of the Roads Congiess to the need foi 
minimising the ‘wastage’ occurring undci different heads m Older to in 
Cl ease the RoatURiiprc Ratio, oi in othci \soids, to make the Rupee mn 
the longest 

-Ml. Muii ell has made very s’aluable and luleicsling suggestions in 
Ins papci to 1 educe the ss-astage One may not agree with him. as he 
himself admits, in the division of srastage represented by the circle, but 
none Mould clisagice with him in admitting the wastage. 

.‘iectois A & E aie nioic 01 less co-iclated. \Vasiagcs undci these 
two heads can and ought to be eliminated or minimised 

Administiaiion of loads including the training of the stajf to 
loiisliuct and maintain them, should be m the hands of a piofcssioniu 
oiganiAAliou — outside the sphcic of politics I hat can only be .achicscd 
b\ the Congiess setting up a Committee (ns suggested by the author] 
which will influence the powers that lie, wlio will have .'ijiaiid in tlic 
shaping of the constitution for India. 

The constitution suggestion Committee, or the Administration f^m* 
mittcc, can easily be the Council of the Indian Roads Congress. This 
Council should appoint a Sub-committee out of the members to the Roads 
Congress for each Province, and States, to collect and advise the Counci. 
on matters lelating tothetrainingoflhcEngmcci.conditionsorcraploy- 
inint of EnginCeis and last- but not'tUc least, the pi ovmciahsation of the 
services of Dislf icfEnghiecis Eveept-in Madras, the District Engineers 

, aic always under the fear of insccmiiy .and many- wall heave a sigh 
of relief on draw’ing the p.xy of the pievious month To cscry District 
Board in Bili.ir, hinds from ^fotoi Vehicle and Pctiol taxation aic given 
annually by GoYfm’rtieiUr.thiiVii« could be iet.iincd by Govcinincnt to 
piovinciahse the services of District 'Engincets and iclcasc the Boards the 
lesponsibility of' finiinciag , the" ‘ 'Engineers- pay; ■ I daresay, every 
District - Engmccrj'^ jll. ^•gr>-rHdfa' - (cxcftpitmgj^p^i,, Madras Picsidency), 
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siiould be voicing their feelings of gratitude to Mr. Murrell, for his abl\ 
championing their cause, 'whenever oppoiUimty arose for him. 

Under Sector T & P, the suggestions olTcrcd by the author for 
improvement could be considered by the Council, whose technical Sub- 
committee could do the needful with the assistance of Provincial Sub- 
committee. 


The need for improvement of the wooden wheel of the bullock cati 
is very pressing, and theic should be a Central Committee set iij) by the 
Congress particularly to develop rcscaich in the field of improvement of the 
cart wheel. Thcic should be a whole-time technical officer foi tlii*- 
purpose and the suggestion of the author, in this re.sprct, is excellent. 

Sir Kenneth Mitchell in his Presidential addicss to this Congress 
has also very strongly drawn the attention df the mcmbcis to the need foi 
impiovement of the position, and it is hoped that the Congress tin ough 
its Council will take up the "matter to reduce this administration wastage. 

Mr. Murrell (Author) : — 

I am grateful for Mr. M.A. Rangaswami’s ajspicclation of the paper. 
It would seem at least that he agrees with the suggestion for a Provincial 
Suggestions Committee, and with the pioposal to conduct a final 
experiment under a w'holc*timc Engincei . 

Mr. y.N. Rangaswamy thinks that while it is a good idea to have 
a J’rovincial Suggestions Commitlce, the sending of suggestions to 
educational institutions w'ould not have the desired clTecl. The reason 
lies in the apathy W'hicli many such instilutions c.xliibit towards any 
suggested improvements in the civil engincciing curriculum. 

Mr. Rangasw'ami suggests that a Sub-committcc be formed in the 
Indian Roads Congress to report the situation to the Government ^ of India 
with a suggestion that they establish an All-India Centic for Institution in 
Highway Engineering, the cost being met fiom the Central Ivoad Fund, 

The idea is an excellent one and is .sliongly rrrommcndecl to the 
Council. 


Unfortunately, Mr. Nicolaidcs appeals to he iinawaie of what has 
been done already in attempts to tax bullock-cai ts. About two years ago, 
the All-India Association of Local Self-Government Bodies chose Patna as 
the venue of their annual meeting. My paper submitted to this meeting 
was keenly discussed but no decision was arrived^ at. . A few months 
later, a meeting of the Chairmen of all Bihav District Boards decided by 
a bare majority not to tax carts. ‘ 7% . 


Mr. Nicolaidcs does not appear to kn’o^vJ^he.■^ya);s,of Distiict Boards. 
Even if they decided to tax their‘’caris7.iLwpul(l'no{'nccessariIy follow 
that the proceeds of taxation would bc-dcvdl6d ;to. roads.-' 


I do not quite understand the remarks OfRi.S.S:’K\'Ghosc concerning 
the question of improving the Road-Ruprji R-RfiOi-..-,. I,- auj: afraid I do not 
agree with the Rai Salyb’s pi’jbposal toWspense wiiJi JjJBlock-cart-, 





No. 1 

Average condition of Jiloorum road 
duiing rains specially where 
drainage is defective. 


No. 2 

Coolies repairing ruts in moorum 
road. 
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No. 5 

These roads cnny more bullock 
carts than “Adlers”. 


No. C 

Looks like good macadam road but 
js rcoll}' a well kept moorum road. 





Noi 7 

a* painted surface 
e vs-^Iile 27'”^ 


No. S 

Shows patch repairs done with 
piemix—Milc 28/1. 










No. 9 

SIiOTB 1" Carpot breaking at edges 
—Milo 32/IV. 


No. 10 

1" Carpet that has stood the ravages 
of hiillock carts near Potka Police 
Station. 
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Another view showing the excellent 
surface with 1" Carpet— hlile 29 


Another stretol 
M for about a 
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SOME EXPERIMENTS TO STABILISE MOORUM ROADS IN 

OHOTA NAGPUR 

Bi- 


le. Gupta, B.E.. A.M.INST.C.E., A.M.I.M. & Ci'.E., 
District Engineer, Singhbhum, Chaibasa. 


Chota Nagpur is a faminll Division in Bihar, having a total poimlation 
of (),043,93S an area of 27,117 square miles and 5,186 miles of roads. It 
will bo seen fiom Table I, that a very small perceniago of the lengths of 
roads maintained by the District Boards are metalled. 

How the nnmotallcd roads give off dense clouds of dust, become 
boggy during the rains, and cause inconvenience and discomfort to both 
slow and fast traffic, is well known to the public as well as to all Road 
Engineers. 

The main source of income of the District Boards is the local cess 
supplemented by Government grants besides a small income from pounds, 
femes, etc. But in actual practice, a large percentage of this income is 
diverted to purposes other than the maintenance of roads. It would not 
be out of place to quote in this connection the observations made by the 
Government of Bengal, on the working of the District Boards in Bengal : — 

■‘It. appeals thnt the District Boards have not been able to lesisl ilic temptation 
of leducing expenditure on communicnlions in ordei to find moic .monev foi what aic 
ccncrally logaidod ns popiilnr aeiviccs such .ss medical relief, h,initntion, eie. 

Withoul minimising in any way Ihe'impmtance of the-.e sci<'iccs, 'novornniciit 
dciiic to take tlijs nppoitnnity of I’mpicssi/ig upon the Disfric/^ J3o.mJs thni the 
prosperity of (lie diatiict depends vciy laigclv on the mafiifuiiaiice ;ti[ adequate 
comnuinicntiniis, aiid the giniit of Public mirks fVss to thc'Bonrd^ has omailcd a 
moil'll oliligation on them lo devote eoiipspomhngly laige sums 'to piojccts Mhich Imvc 
previously been nnanced fioiii this cess, with a view lo develnping iJu* ceoiioiiiic 
icsouiccsoE the luifll mens.” • ! ‘ 

^ Probably the same observation may'be madef for llio District Boards 
of Bihar. ' At least the figures given in Table TI below, for the Sing' .’’hum 
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District Board where the author is working as a District Engineer, show 
tliis very clearly. 


Year under review 

! 

J«38-30 ' 

1939-40 1 

I 

1940-41 

Amount of Cess in riipec.s . . j 

1,24,000 

1 

1,25,219 i 

1 

t 

1,16,1()2 

AJlotiueul ol Cess to Civil Works+ in 
iiipcos. 

1.02,303 

1 

93,061 i 

j 

72,780 

Poicentagc oi allotment to Cc.ss. 

800 1 

1 

74-3 : 

1 

1 

1 

57 ;j 

Total moQine ol the Boaid in lupees 

1 

4,37,209 ' 

1 

4,65,019 j 

1 

4,38,360 

Total iillotment to Civil Woiks in 
rupees ' 

1 

2.18,477 i 
* 1 
1 

1 

1,9-4,986 

1 

1,79,485 

Percentage of total allotment to total 
income 

1 

1 

t 

40-9 1 

1 

42 7 

43-2 


Of course, besides the above, some Boards receive aiibstantial gr,iiilf< 
h'om the Contra! Roads Fund, mostly for now load piojects and bridges. 
Jf, however, more funds were available fiom the Central Roads Fund foi 
improving the surface of existing unmetallcd roads and innintaining them, 
theie could be more widespread developinciil 


It may bo seen, from tlie last column ot Table 1, that an average ot 
Rb. 102/- only is available per mile of road, for maintenance, imjnove- 
incnt of surface, and also for construction of bridges and culverts With 
this poor sum, metalliug is definitely out of the question, and oven proper 
maintenance of the road with a gravelled surface, is not possible. No 
doubt the district or secondary roads wliicli are maintained by the District 
Boards have been more or loss neglected in the past; but owing to the 
rapid increase of motor traffic, wliich is penetrating deep into the interior 
of districts, for quick transport of merchandibo and passengers, the 
condition of these roads, which were never meant for such fast or heavy 
traffic, can bo dcsciibed a.s dangerous. If the prosperity of tbi district is 
desired, these roads can no longer be left uncared for, to go 'to wreck and 
rum and bo rendered useless for any kind of traffic.', , . - , 


It is, therefore, necessary to.searcli’ all avenues, firsfei to augment the 
finances for road work and, secondly, to find'Oufc'-the . cheapest practicable 
methods of making a road surfaco that wouldCstau^L-up'-tQ the modern 
traffic. 




, Jm ^ 


■' (This includes allotment lor cslablibhihiJiJt ii'ml for Vortt on4to.iils, Bnilibnes 
and Water Supply.) 
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The experiments earned out by the author which aio tJie subject 
matter of this paper are attempts towards tlic second object 

Materials available fot Soad making. 

Present clay traflic demands that the road surface should at leant be 
stone-inetallcd and Imvc a wearing coat of tai or bitumen. 

Cliota Nagpui is a>hilly tract and good load metal is available almost 
cvoiywlieie within a icasonablc distance. Even then the cost of metalling 
and seal coating with Boad tais No 1 and No. 2 is not less tlian 
Rs I4'64 per 100 squaic feet, vide Appendices I and II, pages 09 and 70 

This tract is, however, blessed with nnothei road inatciial, known 
as Mooium, found in abundance in Natuie 

This 111001 uin lb a fciriiginous giittj* niattei, reddish iii coloui 
eonsifctmg mainly of particles of quailz (soincthnes associated with moic 
or less altered fekpar) of size langing from 1 inch down to the size of a 
pea, sand and fcriuginous ola}'. Tins clay bcivcs ns a binding mateiial 
for holding the particles together It has been obscived that moornm is 
gcnerall}' free fioiii haunful salts. 

This mntonnl when wetted and compacted on tlie rond and allowed 
to diy, foiius a hard crust and can irithstand light traffic. 

Most of the unmetallcd roads m Chota Nagpur nic surfaced wth 
uioorum which is cither laid loose, or consolidated as funds permit. 

The usual methods of suTfnouig with inoorum tire biiefly dcsoiibed 

here. 


1 Making a surface with loose moariim. 

end of nionsoon is spread) ® to a camber of 1 ni 

average thickness of 0 inolies, afio^rod on the read, wliicii 

.SO without any base or soling. dressed from 

presses down the moornin to soiue ^ „ existing inoorum 

Wo to tiiue as wheel ruts SSu m (after Mlmg up the 

surface, nil avciage the sL e Duungthe rams, the 

“■* " “ 

drying after the rains 

The procedure is the 

diffeicnoo that, alter roller! The edges are piotected 

wet, and rolled with, ti 2 to 3-ton siweadim: out I’or repair 

with glass sods to pi'ovenl tlio ci saJaco is picked beloro 

works on on *^not allowed on the surface, during the 
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Behavioui ofmoornm am face under wheeled tiajjic 

When the moonim is left loose and gets wet and boggy, due to the 
presence of sand and stone particles in it, the wheels do not get stuck or 
skid as in clay. Once the surface is -well consolidated and has become 
hard on drying, it resists to some extent the soaking of watei into the 
subgrade from above, and if the subgrade is not bad, it really piovides a 
good riding suiftice(scc photo No. 6), even dining the lains. Due to 
absence of sufficient binding material, or being dry. niooruin, ivhich has 
not set on the road, is blown off by fast traffic, and the heavier materials 
settle down and form ridges on both sides of the nheel tracks, thu'< 
jiroduuing two jiarallel ruts. Duiing zuins these ruts function as water 
courses and are gradually deepened, very often exposing the subgrade. 
Bullock cait wheels witli‘.steel tyres then play the worst pnit by cutting 
into the subgrade, which, due to the soaking of rainwater, becomes soft 
and causes all sorts oftiouble. Even when consolidated, the constant 
moving of u heels ivears down the hard crust quickl}’ foiming shalloiv 
wheel ruts. The case is very much woisc when there is mixed traffic of 
stcel-tyied cat ts and pneumatic tjued motor vehicles, the former cutting, 
loosening and crushing the stone jiarticlps and the latter blowing them ofi 
the road ill the form of dust. As .soaking of water thiough the mooruni 
surface is not altogether stojiped. bad subgrades soften and yield under 
heavy load and become boggy. To stabilise such bad and yielding subgrade, 
the usual practice in the district of Singhbhum, is to put in a C>inch layer 
of soling stones over the whole width of roadway with two lines of edging 
stones 10 inches deep and 4 inches thick. This is expensive and has 
a fiuther disadvantage that the stones, however well packed, move about 
under the roller during consolidation of moorum, or under the action of 
the wheels, the heaviei ends going doMTi into the subgrade and the hghter 
ends sticking uiiwards. A large quantity of mooiuiii disappears within 
the interstices and below the irregular shaped soling stones, and more 
blinding material is required to produce an even surface. Again, probably 
duo to not adhering to the stones, the moorum is washed off the stones 
during the rains expo.sing a very uneven .surface (see photo No. 4). 

Observing some of the good properties of moorum, siiecially when 
V ell consohdated over a good subgiado, the author considered that if the 
moorum surface could be directly treated with a seal coat, or a wearing 
coat of tar or bitumen, the expensive item of macadamising biich roads 
with hard metal might bo entirely dispciibed with 

I 

With this object in mind, the author communicated ivith some of 
the firms dealing uith road tar and bitumen, for their opinion in the 
matter. No hopes were given by tar dealers, but Messrs. Standard 
Vacuum Oil Company after making some laboratory tests on the samples of 
moorum sent by the author, expressed their opinion that asphalt cutbacks 
or emulsions might suit moorum, and deputed . their Road Engineer to 
examine the problem jointly with the author. A specification was then 
decided upon to suit the conditions at site. . 

The District Board of Singhbhum u us good enough to sanction a sum 
of Bs. 2500/- to cairy out a series of experiments' -on some of their roads. 

*■« 

The following experiments .iveie then conducted by the author who 
was hampered in his work for want of skilled 'labojir, 'but the results 
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obtainod clearly piovc that fill tlior work on tlieac line'- inaj' pioveinoic 
•successful elscwlieie 

Ejpei iment iVos. 1 io Jl— Surface painlmj imtk Asphalt. 

I iLVi’EHlALS 

1 Aspholl — Although it lb in esumcd that all Iload Enginccis aio 
inoio or Ic'-s familial Mith diflercnt giades and use of Asphalt in load 
Avoiks-, a 1)1 icf note on the giadob used in the cxpeuinents mil not be out 

01 place 

Cut hack’' ib a solulion of coinpuiatively haid giades ol A'sphalt in 
.1 volatile bolvent. After cvpobiiic to atmosphcie and tiaffio conditions, 
the Gutbaek lo'-Cb it*! volatiles and settles domi as a liard sticky siibstaiiec. 
Liquid Asphalt* is the boftc-st conimeieial grade of asphalt ■with oi without 
a solvent Emulsions’' nie intimate mixtures of asphalt and valor, asphalt 
being lield in suspension in vnter mtli an eimilsificr oi siabilisci to 
countciact llio settling piopcnsitv of asphalt This stable emulsion, 
however, bleak's down on exposuie to an when llir watei gradually 
evaporates 

'I'liese grades of asphalt .no used on the load without piior heating 

'I’lie nutlioi used the following grades of asphalt supplied by Messrs 
ijl.indaid Vacuum Oil Company in 4n gallon dniins containing about 4‘10 
pounds of asphalt each. 

Cut backs — (i) Socofix I’limei containing about fi3% of bitunicn, 

(ii) Socofix containing about 80% of bitunicn. 

Liquid Asphalt— (in) Liquid aijihalt No 2 containing about 70% ol 
bitumen, 

Emulsion— (iv) Socony Emulsion No. 3 containing about 30% of 
bitumen. 

2 Sand— Clc.in sand (sciccncd tiuough 1/8 nicli mesh scieon) 

was obtained from Guia iivci nent mile jiost 32 
of 'firing iSIatigara Rond 

3 Aggregate AVashed iiioornin ictaincd on 1/8 inch mesh screen 

was collected (as this ivas locally available and was 
veiy much clicapei tliaii stone chips) 


•’bcrinitioiis pioposcd bj Teihiiidil Sub Uoninuttcc to be .icccptcd .i" Indian Kuiido 
Congresb Standards 

Cut hark bilumat is Oiniaicii which h.!*! been softened by oil siiiriciently lolnlilc Io 
'cr.ipoi.aic wilh time 

Asnhalt is a iiatui.il oi arMfitiiTSiixtiire''of bitiinieir'.’ind minurnl mutter 

Jioarl hjtiivhwtt A snspMii^oHiflnater of abitumcn, oi lai, oi of bitumen and 
tar in A finely divideirilAlt?* ht)^)lc for the purpo'^c of Plorace and transport 
.The piopoTtion by ucigh^af bitiiinui or lai-oivOTlpltnucn nwlitfr Bliould nluajp 
" be ppccilicd, -- s 



Paper D — 41 


63 


II. TOOLS AND PLANT: — 

The following tools and plant were used : — 

1. Shovels 

2. Pick-nxe.s 

3. Spades 

4. Template for oliecking comber 
ij. Hard brusli 

6 Soft- brush 

7. Wire brush 

8. Country Brooms 

9. Baskets 

10. Empty kerosene oil tins .. 

11. Jliajri or locally made .sprayer 
12 Screeas — 1/8 inch mesh 

13. Sijanncr for opening bungs of drums 

14. 3 tons Hand roller 

1/5. 3 bundles of Moon j or grass rope. 


Nos. 

4 

6 

C 

1 

0 

6 

0 

4 

12 

4 

4 

1 

1 

1 


III. SITE:— 

It was decided to make the experiments on Tirin jVlntlgara Bond 
in shorf lengths tnhere the surface was hard and had a good camber, so 
tJiat. no exta’a expenditure would be necessary for re-conditioning the 
surface. 

TV. PROCEDUBE;— 

Two coats of painting with the following combinations of different 
grades of asphalt were tried 

(a) A coat of Socofix over a jiriraing coat of Socofix Primer or 
Liquid Asphalt No. 2. 

(b) A coat of Liquid Asphalt No. 2 over a priming coat of same. 

(c) A coat of Emulsion No 3 over a priming coat of same or 
Socofix Primer. 

When the materials wero ready at site the following operations 
were carried out 

1. Cleaning the surface, — ^The surface of the road was at first 
brushed ivitli wire-brushes to remove any loose moorum and dry cow- 
dung, then with country brooms and -finally with soft brushes, till the 
surface was &ce from all dust and loose moorau. ■ 

^ ' » -a- i ^ . 

2. Kerhing. — An edging 6 inches widiyn&L'*?) inches high on both 

sides of the roadway leaving a spacd'.ipf . 9 feht; was then made with 
roadside earth to-prevent^thS asphalt frplji-spretiding out,- ’ ' 
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maierials wtrc mode mVi emviff Leiosme 
oil Hns.— Half a tin of asphalt measured 20 pounds oi 2 gnlions, and one- 
nnd-a-hali tins of moomm oi sand mcnsincd one cubic foot, 

4 Dineisibn.— No (rnfdo vns allowed over this poition of the road 
during the piogrcss of work. Bniiiers w-ere put at both ends and traffic 
diverted along the flank of the toad 

5. Pnviitig Coat — A length of I'oad was inaikcd off to give an aica 
100 sqiiaie feet approximately. The Primer was then taken in a jhajr 
(made of on empty kerosene oil tin with pcrfoiation on one side for half 
the lieight of the tin from top oiirl iroodeii handle, see fig 1) and poured 
on the load surface along its length heginniiig at the centre of the i oad 
and ending at the edges. While asphalt vns licmc poincd, two men 
spread the same evenly with liaid brushes having long handles 


6 Wndtnq the priming coat . — Mensuiccl quantity of sand or 
raooriim was spicad on tho painted surface with a whirling motion with 
a spade. Even-nosa of the thiekiicss of blinding material was, however, 
ensuicd hy throwing e.vtrn malciinl iii handfuls wlicie it was tliiii. 


7. Second Coal.— After the pruning coat, an mleival depending 
on the glade of asphalt used was allowed. Second coat of asphalt was 
then applied in the same manner as the first coat, after blushing off anj 
loose sand or mooruin used as bhiiduig to the piininig co,at. 

8 Blinding the Second Coat.— ’^h\s^\aa also done in the tame way 
as in the case of priming coat. 

9 Opeiiinq the road to traffic . — ^The road was opened to tiaffic after 
about a fortnight of tho second coat when the surfacp was found hard. 

Details of these cxpcnnionts and details of the quantities of asphalt, 
blinding materials used, interval between the two coats etc , arc given in 
Table IH [For costs vide Appendices III d* I F). 

Experiments Nos. 12 to 18 with 1 inch Premix Carpel of Asphalt 

I MATERIALS required weie the same as in the ease of surface 
painting, except Liquid Asphalt No. 2 

IT TOO IjS AND PLANT — Same ns before. 

III. SITE— Tum-Matigaia, Bond. 

IV. PROCEDURE:—' 

(1) Oknning the Sar/ace.— This was done ih the same way as before. 
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(2) Eerbing. — No kerbing -vpas put as protection to the edges. 

(3) Diversion. — ^This tras made as in the previous case. 

(4) Priming Coat. — Two lines of Moon] rope were stretched along 
the length of the road at a dtstance of U feet, and two lines 
across the road at a dUtance of 1 1 feet 2 inches deSning each 
unit of 100 square feet of road surface, where carpeting was 
to be done. A priming coat of Socofix Primer was then applied 
on only one loot width at each edge, instead of the rrhole width. 
No blinding was done. 

(5) Premix — Measured quantities of sand and washed moorum 

consisting of stone particles of sizes ^ inch to ^ inch were 
kept separately. Asphalt rras then taken in a jhnjri and 
poured over the moorum ns a thin film over the exposed surface 
of moorum. the top layer of moorum was then removed to one 
side witli the help of a Icodali and a fresh surface exposed. 
This was then coated with a thin film of asphalt, and then 
removed, the process was repeated till the moorum was 
exhausted. Then a thorough mixing was done with the help of 
a spade by turning over the moorum several times. While this 
thorough mixing was done, sand was gradually added where 
the mixture was to be of sand and moorum. 

(6) Cnrpeiiwp.—When the above mixture or the premix beenme 
slightly sticky due to evaporation of the solvent ond settling 
down of the as-phnlt, it was spread on the road surface to a 
thickness of 1 ^ inches to 2 inches so ns to have a camber of 
1 in .54 which was checked with the uooden template. The 
premix, spread over the road surface, was then consolidated 
with a 3 ton Imnd roller after an interval of 24 hours, when 
it was completed to a hard crust of about 1' thickness. The 
road was opened to traffic after about a fortnight by w’hich 
time the carpet had become hard. 

(7) Sealing the Carpel. — After allowing the traffic for some time 
thccirpetwas given a thin coating of nsphalt and blinded 
with sand. Traffic was closed on this portion of the road for 
about two days after the sealing was done. 

Details of experiments with quantities of asphalt, sand, moorum, 
etc., are given in Table IV. 

Behaviour of Treated Surface . — 

Experiment Nos. 1 to 18 were carried out in the month of May 
1940 and the sealing to the Premix Carpet w.is done in December 11«40, 
bj’ which time the following defects were noticed in the painted surfaces. 

I ” 

(1) In lengths where twocoat painting was done, rain-water 
collected near the edges due .to bad-' drainage, and crept under 
the painted surface and softened^the' base. At these places the 
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culling action of tho stcd-tyrcd bullock-cnrt ivlicels severed 
pieces of tbe liRrd cnisl of bitumen and inoonim from iLc innm 
body and made pot-Iioles. 

(2) Liquid Aiphnlt No. 2 uliicli has an oily cnrriri, did not harden 
lor long, and cver^* cart-ulieel made a dcqi imprr^'-ion on the 
suifucc 

The road flnnlic noio clre>-«cd to lia\<‘ an adequate nulwnid ‘•lo)u< to 
pievcnt iiiin-uatei collefting neai tliecdccs, and a vatci-pri>r>f edging 
was given on both sides of tlie treated ^nrfucc to prevent the rreeping of 
uatcr beloiv it. 

Grooves 2 inelir'! undo and t inchrs deep, ivere cut along the edge- 
and filled 111111 a ]ir:niix prepared with 12 pmind< of arplialt for ciery two 
ciihie fret of wa«-hcd inoorum .and one eiiliic fool of ‘and. Ih-foie fiUini; 
in the pienii.v, the grooves were painted with Socofi.v Piiiiut or S'oeony 
Emulsion No 3 at iho n^te of ."lO pounds of nsphalt foi cveiy JdO M|iiorc 
fcf t of the surface. 

The pot-holes were also similarly filled up with preniiv aftei clearing 
them of all dusts and loose particles and giving a priming coat When 
the piemiN' hardened after about 21 hoiir-^, it was rainined well 

The surfaco that had a carpet of 1 mcli preniis stood vrrj'well, 
TJirso places a leo were given a water-proof edging similar to the plates 
where Eurfnee painting wn«< done. 

In the monlli of January 1011, if. after a inontli of the above 
repair^, it wag noticed that pol-liole-. were fonning at other plnce« of the 
painted s-urfaccs, although the rcpiirt-d poitions reniiiiiicd inlaet 

Till* gave an impression that surface jninting docs not suit the 
inooniiu surface and that n preniiv caipet i^ snitalile Po some more 
lengths were given a proinis carpet and for further comp'll isnn. another 
length of Jltl fe»t was gneii a two-coat p.iinting, and their behaiiour 
watched. At UiC'.e places, an edging of premix w. is put along with the 
carpeting and surface painting 

The details of the Inter cxperinicnt.s Nos. in to 22 of Premix arc 
given HI Table, IV, and that of the surface painting experiment No 23 
in Table III. 

The present conditions of all these treated Mirfnccs arc stated m 
thc'c tables, and those will show that the previous opinion formed about 
the surface painting docs not hold ns nitliougli most of tlio-e iiaic failed, 
some are fairing verj- well It is, therefore, apparent that there is some 
factor that makes the treated surface stable or unstable in the case of 
surface painting. 

The author, thcrcfore,irran'gcd for some anpilyses of the moonim, 
Epeciauy the sieve test obtained are given below m Table V. 
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TABLE V. 


Percentage of Grit contents 


Passing through Mesh No. 
and retained on Mesh No. 


Gravel 


! — I 
10 1 


Stable’*- Mooium-Sample No l| 61*6 

I 

Stable Mooiuin-Sample No. 2, 60‘7 
Unstable’’' Moorum-Sample No. 1| 31*1 

Unstable Moorum-Sample No. 2| 46 1 

» 

I 

Unstable Mooinim-Sample No. 3] 43‘3 


Sand 

{ Shb 
& 

clay 


1 o o 
[ r-< -It 

1 o o 

00 

80) 

i 200 ! 

1 

200| 

-) 

Total 

27 1 

5-9 


1 

24 


33 6 

3-8 


1 0-9 

1 ion 

37*8 

14 3 


! 6-3 


44-3 

6-2 i 

2-3 

1 1 

11 


42-4 

1 1 

3-3 

2-8 



The above table indicates that the percentage of gut contents of 
moorum retained on No. 10 mesh has sometlung to do witli the 
stability. 

In one case ( Experiment No. 21 ) tho premix carpet lias failed but 
this, the author believes, is due to a number of sleel-tyicd bullock caits 
passing over tho surface, cutting and disturbing it very badly before it had 
time to hai-den. 

The cost of surfacing a road -vrith moorum and treating it with 
asphalt, in this district, is Rs. 8 5 per 100 squaio feet ( see Append icc<! II J 
<& I V). This corapaies favourably with the cost of metalling the surface 
with stone ( Rs. 10.21 ) ( See Appendix I ). 

CONCLUSION 

This paper had been written with tho object of focussing the 
attention of cngineeis to the problem of low-cost roads, and the author 
believes that under favourable circumstances and improved methods, it 
may be possible to maintain moorum, gravel and earth roads witli an 
artificially hardened ciust at very much less cost than the usual watei -bound 
macadam surface, and he would suggest that further expeiiraents 
should be tried in other paits of India with Indian materials like Road 
Tar or Digboi Asphalt. As in every jihaso of human activity the last 
word is yet to bo said, there is a vast field for research on the lines 
indicated in tho paper. It is heartening to note that some ’work has 
already been done in the Punjab, Sind, and Burma. 

' . ■ -f 

i- :: — • 

-By “Stable" nri'd .Unstable Moonitn" moornm viilivhicli tho 

treated snifaodlins remained stable nfl^iinsgrtilc, respectively. 
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No Census of traffic on this road has ever been taken. The natuio 
of traffic, liowever, is mixed, havina both fast-moving motor vehicles with 
pneumatic tyres and slow-moving bullock carts with steel tyres In tl o 
busy season, tlio number of bullock caits plying on the road, w'ould not 
bo less than 200, on the average, per day. 

The bullock carts in this distiict usually have \V to 2* wide steel 
tyics fitted on wooden iims of impcifcctly circulai shape. These w'abblc 
over the road and cut the road surface and create havoc. Sonic carts, 
though they nie very few' in iiumbci, have disc-slmpcd wooden w’hcels 
without the steel tyio. These are not as vicious ns the stccl-tyrcd wheels 

The author considers that the failure of the treated surfaces 
mentioned above, i'- cntiicly duo to the cutting action of these narrow 
steel tyres and feels the necessity of an intense drive for the cindicntion 
or amelioration ot the “vicious circle’', cither by piohibition as has been 
done in Jamnagar State or by replacing the steel tyro by wide wooden 
felloes, or by comproinisc-O’rcs such as those foreshadowed in paper No. 
E-40 of the Proceedings, Indian Itoads Congress, Volume VII, Part I. 

Such lescnich woik and experiments to improve tho road surfneo and 
to obtain a rational Cart Wheel as cheaply as possible, need nil tho 
encouragement from an aulhoritativc body like the Indian Roads Congicss, 
as 111 the author's opinion the cost of such experiments may 
result in tho ultimate saving of iakhs of inpcos in the improvement of 
India’s secondary roads, such as arc usually maintained by tlio District 
Doards. 

Tlic author was oiiginnlly handicapped in bis w'orks for want of 
facihlios for testing soils, but las diilicultics were overcome by the timely 
assistance of ilr Das Gupta of tho Standard Vacuum Oil Company, who 
rcndcicd all possible help m the different stages of the cxpciimcnts 

The author would hko to record here bis best thanks to Mr Das 
Gupta, Mr. S K Giiose, Assistant Engineer, Public Works Department, 
Gliaibassa, and also to the Chairman and Vice-Chairman of the Smghbhum 
District Board for tlieir encouragement and assistance witliout which it 
would not have been possible either to carry out the experiments or to 
write out this paper. 
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APPENDIX I. 

Cost of metalling a road with stone. 

Por 1 mile long and 10 feet wide road. 

Items Quaiititj' Rale per Cost 

Rs. P>8. 

1. Collection of quartzite stone 

metal of I. R. C. specification 
passing through 21" mesh 
screen and retained on \Y 
mesh scicen with 1 mile 

extra lead . . 27.7il0 c. ft. 7/10 % 21 U/- 

2. CoWecUon of hard edgvng and 

soling stones, with 1 mile 

extia lead .. 29,333 c. ft. 5/- % 1467/- 

3. Collection of moorum for blind- 

ing on top of consolidation. . 4,400 c. ft. 1/8 % 66/- 

4. Eaith work in box cutting for 

la 3 ’ing and edging stones . . 29,333 c. ft. 6/4 %o 164/- 

6. Labour for laying, soling and 
’ edging stones and thoioughly 

packing thorn . 29,333 c. ft. -/12/- % 220/- 

6. Spreading, dressing and con- 

solidating stone nictnl with 

Steam Road Roller . . 27,720 c. ft. 3/9/- 988/- 

7. Carriage of Steam Road Roller 

to work site and back to 
nearest Railway Station — 

average distance 16 miles . . 30 miles 1/- milo 30/- 

8. Transport of Steam Road 

Roller by rail — Cliaibassa to 

Haludpukhur and back . L. S. 200/- 

9. Putting road bairier, caution 

sign and making diversion 

road . . L. S. 25/- 

10. Maintaining temporary diver- 

sion road for 1 month . . L. S. BO/- 

11. Extra for cairiago of water 

where water is not available 

within 1 furlong ... 1 milo 24/- milo 24/ 

12. Exti'a labour for supcr-clovating 

curves . . 3 Nos. 2/« each 6/- 

Total . Rs. 6344/- 

Arca of surface metalled = 10' X52S0' 

.■. Cost of stone metalling per 100 sq. ft. = I0'21/‘ 
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APPENDIX II. 

Cost of seal coatin^r a metalled surface. 


Por a surface .'i280 feet long and 10 feet wide. 


Items 

Road Tar No. 1 

Quantity 

Rate 

Rs. 

Per 

Cost 

Rs 

@ 35 lbs pci 100 sq. ft. 

8.2S tons 

100/. 

Ton 

823/- 

Road Tar No. 2 
% 32 lbs per 100 sq. ft. 

7.51 Tons 

100/. 

Ton 

764/. 

Collection of y to quaitzitc 
stone chips M ith extra lead 
1 mile 

2,640 c. ft. 

14/2 

% 

373/. 

Collection of sand ivitli extra 
lead 3 miles 

1,584 c. ft 

6/14 

\ 

109/- 

Applying ]’i lining Coat of 
Road I’ar No 1 and blinding 
the same with sand including 
all costs 

52.800 sq. ft. 

./3/. 

% 

99/ 

Applying Second Coat of Road 
Tai No, 2, blinding the same 
nith stone chip'> and rolling 
including all costs 

52,800 sq. ft. 

./3/" 

\ 

99/- 

Carriage of Steam Road Roller 
avciage distance 15 milcH 
and back 

30 miles 

1/- 

inilo 

30/ 

Carriage of Empty Tar drums 
to Railway Station and 
freight to Lodna Siding 

L S. 



30/. 

Putting up barriers, diveibions, 
etc. 

L.S 



?6/. 


Total Cost 

Rs. 

2,314/- 


, . Cost per 100 sq. ft. of seal coating = 2344 Y 100 

- 6280x10 


Rq 4 4.3 
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APPENDIX III 


Cost of Surfacing a road with 6 inches of moorum. 


For 1 mile length and 10 feet width. 


Items 

1 Collection of moorum with a 

lead of 1 mile 

2 Spreading, dressing and con- 

solidating moorum with hand 
roller 

3. Carriage of Hand Roller to 

work site and back to 
Qodown-avciage distance-S 
miles 

4. Putting up road barrier. 

Caution Sign and making 
diversion 

5. Maintaining diversion 


Quantity Rato Per Cost 

Rs. lls. 

16,400 c. ft. 2/- ", 62s 

:6,400 c. ft. ./lOA % lor 

» 

16 miles 1/- mile 16 

L. S. 40 

L. S. 40 

Total .. Rs. 774/- 

1 

_ 774 X 100 
' 5280 10 


. Cost of surfacing 100 sq. ft. with 
6 inches of moorum 


Rs. 1.46 
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APPENDIX IV. 

Sheet 1 

Cost of treating moorum road with Asphalt. 


(a) Tvco Coal Painting — 

Surface treated — 230' X 10'= 2,300 Sq. ft 


Items 

1 Socofix Pnmci including 
freight and carnage to site . 

2. Soconr Emulsion No 3 includ- 

ing freight and carriage to 
sue 

3. Liquid Asphalt No. 2 ior 

premix m grooves 

4. Zdoorum (washed) 

5. Sand average lead 4 miles 

C. Labour for cutting grooves at 
the edges, cleaning, paini ing 
iMth Asphalt and filling them 
with prcmix and lammiiig 
the same 

7. Labour for cleaning the road 
surface properly and paint- 
ing the same with 2 coits 
of asphalt and blinding the 
same with washed moorum 
and sand 


Quantity 

Rate 

Rs. 

per 

Cost 

Rs. 

•38 Ton 

17B/- 

Ton 

83/- 

•30 Ton 

176/. 

Ton 

63/. 

06 Ton 

176/. 

Ton 

11/. 

92 c. ft. 

6/. 

% 

6/. 

46 c. ft. 

6/14 

% 

3'. 

400 R. ft. 

-/lO/- 

0/ 

/o 

3(. 

2,300 sq. ft. 

-/4/. 

% 

6/. 


Total .. Rs. 114/- 


Cost of painting 10') square feet = 


114x103 

2300 


= Rs. 6-22/. 
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APPENDIX IV. 

Sheet 2. 

Cost of treating mooram surface %vitli Asphalt. 


(b) 

J" Premtx Cat ptt. 

Surface ticatcd — 

348' X 10' 

= 3,480 sr, fi. 



Items 

Quantity 

Rato 

Pel 

Co.st 




Rs. 


Rs 

I 

Socofix pi 111101 

M'ron 

176/- 

'J’on 

25 

o 

Socofix 

. . 77 Ton 

170/. 

Ton 

136 

3. 

Socony Emulsion 

. . 15 'J’nn 

176/- 

Ton 

26 

4. 

Washed inoonini 

. . 329 0. ft. 

5/- 

V 

/o 

16 

6 

Sand average load 4 miles 

.. 113 0 It 

0/14 

0/ 

/O 

8 


(i. Labour for cutting grooves at 
the edges, cleaning, painting 
with aspiinlt and filing them 
with prcinix and laniming 

the same . . 696 .sq. ft. -/lO/- % 

7. Labour for cleaning the road 
surface pioporly and paint- 
ing the Siamc at edges, mak- 
ing prcinix and laying the 
same on the surface and 

lolling ... 3,‘J80hq. li, -/13/6 % 29 

Total Cost . . 244/- 

244 X 100 

"'siso 


Cost of 1" Preinix Carpet per 100 sq. feet 


Rs. 7-01/. 
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Wednesday, 6th October 1943. 


Mr. N. V. Modak (Chairman) called ujjou Mr. A. K. Gupta to 
introduce his paper. 

Eai Sahib S. K. Ghose inti-oduced the abo\ c paper on behalf of 
Mr. A.K. Gupta who was unavoidably absent. 

Discussions. 

Mr. C. I. Zaniaii (Assam) The author of this paper deserves 
congratulations foi the experiments he has been able to cany out and 
bring before the Congress, despite the difficulties under which he had to 
woik with the handicap of finance. 

Moorum— as I find from tlie words of the author — is a soft stuff, 
consisting of sand and clay. This quality itself debars the material from 
being used with any surface dicssing. Tire success of ail suilhcc dressings, 
as we know, depends upon the hardness of the road metal used, and 
also of the chippings used. I am not surprised, therefore, to find 
from the paper itself, that the suifacc treated portions of the 
experiment hav'c failed and biokcn up within such a short time. The 
author seems to attribute this failuic to narrow cart wheels. I think 
the pool bullock cart wheel is not the right offender in this case. 

The author admits that no traffic census was taken on the portion 
of the road under experiment— neither before nor during tlic axperiment. 
An experiment of tliis type certainly loses its value— unless such useful 
data aic collcclcd The author seems to have aimed at making a low 
cost road. In my opinion, as road cngineei's, our aim should not be 
the making of'loiv cost roads only but the building of the right kind 
of road for the appropriate kind of iradic at the minimum cost. 

I want to bring to your notice another aspect of the cxpciimcnt. 
The author in page 65 states. — 

“In lengths wheic tivo coat painting was done, lain-watcr collected 
near the edges due to bad drainage, and crept under the painted 
surface and softened the'^ base. At these places, the cutting action 
of the stcel-t)Tcd bullock*cart wheels severed pieces of the hard 
crust of bitumen and moorum, from the main body and made pot holes. 

This is a very important factoi which engages the attention of all 
Road Engineers specially in places where rainfall is hca\y. Subgradc 
drainage is one of the fundamental rcquiicmcnts of road making and, I 
think, the author’s remedy of - providing /] ins. deep prcmi.x strips is too 
inadccluatc to prevent water ci ceping in and softening the subgradc.. 

Mr. A. S. Adke (Bombay) I congratulate Mr. K. Gupta for 
carrying out experiments on moorum roads in his District with a view to 
stabilize the suifiicc with asphalt painting and asphalt carpeting and 
presenting his results in detail to the Indiai^ Roads Congress. It is really 
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an ambitious scheme as far as village roads arc coiiccincd If his 
experiments piovc successful, I think the villager-! svill be quite happ). 

The author of the papet has avoided the question of iinance 
altogcthci. When we arc considering the question of improving our 
load suiface on a huge scale, I think the question of Iinance cannot be 
kept in the backgiound. The aiithoi ofthispapci had to thank Ills 
Chaiiman for getting him Rs. 2,500/- for cairjdng these cxpeiiments, but if 
Mr. Gupta means to carry out his experiments of caipcting on a larger 
scale, say on a length of about 10 miles of lond, I do not think the 
budget of the District Board will allow him to do so. Such problems arc 
very distant to the Boards f, howcvci, like to make some observations 
on the cxpciiincnts of Mr. Gupta. 

Please icfcr to the Page (ig whciein the authoi has given the cost 
of metalling the roads with stone. He has provided 6| ins. of thickness of 
metal for 10 feet lo.ad This is rather too thick foi a District load and 

I think lliat 3 ms. coating of metal is moic than siifTiuent foi such t^pc of 
load. Again the authoi has included the cost of materials for soling as 
Rs. 1,467/-. Presum.ibly the subgiadc must have been 'oft one The same 
cost of sohng would have been required for nioonim sm facing if moorum 
load svas proposed here Also Rs 230/ is included foi ti.insport of steam 
road lollcr. It should not have been included in this item of road 
consolidation, as this docs not foim part of the work and will he 
comparatively much less if greater length uas taken for woiking If 
these items arc omitted and if 3 ms. coating is pi ovidcd the cost, ns per 
rates given by tlic autlior, will be Rs. .^/O/- per 100 sq. ft. and not 
Rs. 10.Q1. If the cost of soling is taken into account the figure may rise 
to Rs. 7'5 per too sq. ft. The cost ofsnb-giadc will be common whcthci 
you take up moorum surfacing or metal mu facing .ind wlictlicr you further 
develop It by .asphalt painting or c.ti peting. So when yon coinp.vrc such 
figures, similar circumstances should be taken, as far as’ possible So far lis 
my experience goes, this type of suif.icc of 3 ins, of mtul thickness will 
last for 3 years for normal traffic and if you put another coat of mct.al of 

I I ins. thickness, I believe the life of the load will fiu tlicr c.xtcnd by a 
period of another 3 ycais. Tins cost of icncwing the surface will decidedly 
be less 

In place of metal coating, Mr Gupia pioposcs mooiuin coating with 
fuither asphalt painting 01 carpeting. .As the ai^Iioi has himself admitted 
that asphalt painting has proved a faduic due to grinding and cutting 
action of bullock cart iron tyres, I need not discuss this point. He has, 
however, said that caipctmg with asphalt and mooi urn Iws stood well. 
The cost of this including moorum sui facing comes to Rs 5 gg per too 
sq. ft I feel that this surface has stood well due to [i] hard sub-grade. 
[2] good quality of mooi um and [3] adequate thickness of the asphalt 
carpet. It has been often complained that asphalt carpeting docs not 
stand well whcic the cart tiaffic is heavy even though the carpeting has 
been done on old macadam surface Due to cutung action of the iron 
tyred bullock cart, the surface of the carpeting is cut As this carpet is 
standing on moorum surfacing, tins action is bound to be accclemted 
If this experiment is performed on a loacl suiface where the embankment is 
high and the sub-giadc is not quite hard, I fear the carpet will not stand 
long.- The embankment is bound to settle down due to trafiic impact and 
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once the surface of the carpetins; is disturbed, the whole carpet will be 
torn to pieces. Even otherwise if once the ruts are formed, the storm 
water is bound to get into embankment and the whole of the surface is 
bound to be disturbed. It is therefore no use taking up such schemes, 
unless you aie sure of maintaining the same. Mr. Gupta might have been 
able to gel sanction for Rs. 2,500/- for his experiments by his District Board, 
but I am doubtful whether he will get further funds for the prompt repairs 
of such road surface. If he docs not get funds to keep such road surface 
in tact, the surface is bound to be cut by ruts and then after 2 or 3 years, it 
will be diflicult to say whether it is an asphalt road or a moorum road. 
The moorum has got tire great advantage that it can be repaired any time. 

A dust-proof asphalt road, will certainly improve, the general health 
of the public. But the cost of constructron and maintenance of the road, 
the moorum or metal road depending upon the type of traffic, will 
decidedly be cheaper. The cost of 3 ins. metal road will be Rs. 
4.8 per 100 sq ft. exclusive of tire cost of soling. In case of asphalt 
carpeting the cost will be Rs. 5.99, the life in both the cases being 3 years 
only. The further cost of rencwrng the surface after this period will also 
not be favourable to the coat of carpeting. It is thcrci'orc no use to think 
of 'such ambitious schemes by the Rural Engineer's unless our finances are 
considerably improved. Till then we have to remain satisfied with our" 
dusty roads. If we can carry on the rural traffic of bullock carts and head 
loads with least possible resistance of road surface, we must thank ourselves. 
I, therefore, think that a hard moorum or metalled surface provided with 
dips or culverts will be the best line of communication for the rural area 
till Government comes forth to their aid by giving liberal giants for 
improvement in the road surface or the financial position of the Boards 
is improved by compulsorily raising tire taxation and earmarking the 
money thus devised for road improvement. 

Mr. J. T. Mehta [Bhavnagar]. 

I find the paper very interesting as I am myself faced with the 
problem of evolving something to maintain moorum roads cheaply. I 
congratulate the author for his enthusiasm and spirit. However, I would 
like to inake a few comments. The spirit in which they are made is one 
of constructive criticism and I request they be not misconstrued. 

The experiments seem to have been carried out on a line which is a 
negation of fundamentals. In the structure of a road, the subgradc, the 
foundations or base, and the wear ing course, all have their functions. It 
has been shown by various authors at previous sessions that, in order to 
withstand the grinding action of narrow iron tyres which may even be 
wobbling, the quality of grit used in surface dressings should be sound and 
it must have affinity for bitumen. ' What forms grit in this case? Merely 
moorum which is the product of disintegration of ivcathered rocks. ’ I do 
not know how we can suppose that this will stand. 

If this cart weighs tons, it will require a erust of at least 5 inehes 
for a very good gravelly subgrade, to sustain this load; (vide the graph 
from the paper submitted by Mr. Jagdish Prasad and Sir Kenneth Mitchell 
at the 4th Indian Roads Congress). If this crust be provided, it will be 
a help to diainage also, as the percola ing moi.sture will be less, and the 
subgrade will be affected to a lesser degree by it. 
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In the experiments carried out, a treatment has been given to 
Mooium subgrade, costmg Rs 7.01 pet 100 sq ft, whereas it is shown in 
appendix I that a metalled road would cost Rs. 10,2 r per 100 sq. ft, I am 
sorry to say that it is misleading, because in the cost of metalling is 
mcluded 7 inches of rubble soling and inches of metalling If the 
subgradc is assumed to be good enough to carry the wheel loads directly, 
why a 12 inches crust is taken for comparison^ As I have said, a 5 inches 
crust would be icquircd and this would cost in the region of Rs 5 
per 100 sq. ft 

If the motor traffic on this road be less than 200 vehicles per day, 
this metalled crust, untreated, would have an economic life of about 3 
years It is unfortunate hou'cver that traffic count has not been taken 
before proceeding with the experiments. The author says that the 
maximum number of bullock caits in the busy season would be aoo per 
day, hence if the motor traffic be more than mentioned above, a single 
coat or tu’o coats painting on the crust w’ould stand the same for 3 to 4 
years 


Some specifications with leaner soling coat hat c been tried in the 
Punjab for strategic roads with success, as mentioned in paper I 1943. It 
would be better if the author tries something on that line, or else, 
stabilization of moorum subgrades may be tried. Surface treatments are 
not useful for stabilization. A tliickncss of about 4 ins. tvill have to be 
treated Giavcl or bitumen or both may be tried, but, drainage must 
receive first attention For compaction, a sheeps-foot 1 oiler should be 
used in the initial stages. 

Rai Sahib S.K. Ghose [Bihar]. 

It u but natural that at the outset the present critic should avail 
of this opportunity to reciprocate the kind feelings expressed by Mr. K. 
Gupta at the end of his cxcdleiit paper, which faithfully portrays the 
condition of the moorum loads inGliota Nagpui. One need not come 
all the way to Gliota Nagpur to vciify the observations made in para. 2 of 
the paper, it is unfoi tunately true for most of the roads in India, a sad 
rcflccnon on the engineers’ helplessness in trying to provide dust-free, mud- 
fiee, bump-fiec roads for all, while the creaking cart-wheels crush his 
best loads out of shape! Perhaps the wuiter may be pardoned for quoting 
in this connection from an article of his in the 'Modern Review,’ July 
1 940, “There arc more than 100,000 miles of so-called motorabic main 
roads in India, out of which 90 per cent have bumpy', dusty’ tracks, 
disseminating filth and disease in the dust clouds raised by the passing 
vehicles, which destroy and in turn arc destroyed by the bad road surfaces, 
vicious circle entwines 'India in its octopus-like tentacles' even 
today when so many other lesser counti ies' have forged ahead rapidly 
in the matter of road development”. 

Thanks to the irar, the method tried by Mr. Gupta on the gravel 
load fiom Jamshedpur to Ghatsila cannot be tried even on paper now, 
as neither Bitumen nor paper is available for such purposes. The author 
has been modest enough to give the names of the two nearest villages, at 
the ends of his experimental section, but it is perhaps desirable that 
members should note that this important road which connects the 
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premier Sled City to the only Copper City of India is still in ihc “giavel” 
age of stage development. Looking to the traffic being earned on this 
busy load, even a layman would have thought that it needed a regular 
metalled and sealed road surface. But the District Engineer was confront- 
ed with the unenviable task of pcrfoiming miracles with gravel only. 

He very neaily succeeded in establishing a more economical road 
surface; but, the steel-tyicd cart wheels surely and relentlessly searched 
for the weak spots below the “sealed” armour, and ultimately toie big 
holes in the road-way. The foundation could not stand the .screwing and 
syrenching action of the wobbly steel tyics of the carts carrying heavy 
timber from the Kalikapur foicsts. 

It^ is a pity that the Author left Singhbhum shor,tly after the 
completion of the experiments, as he could have followed these correctly 
to their logical conclusion. It has, howevei, been definitely proved now 
that such surface treatments cannot stand up to heavy cart traffic. 

Table V. [Page G7] is inteicsting as it indicates that moorum con- 
taining less than 50 percent of coarse aggregate (quartz) is unstable under 
load. Under field conditions, it is difficult to consolidate the moorum 
Procioi's Optimum moisture content ^ xaCi has been a satisfactory' rule 
evolved by the present writer who has to maintain about 150 miles of 
gravelled roads never to allow more than inches of mooium (loose 
thickness ) to be lammed along the two running tracks in longitudinal 
strips, foi patch repairs where the moorum has wolit ihm, minimum 
water being added to allow proper tamping. 

For the benefit of the “curiouscr” readers, certain “standard” 
data* not given by the authoi in the paper are noted below: — 

III. (a) Height of embankment above ground level ift. to ift. Bins, 
above adjacent rice fields. 

(b) Normal H. F. L.— Area not liable to floods. 

(c) Ht. above M. S. L. 550 to 600 feet. 

V. Nature and material and condition of old load including 
subgrade and soling — 

Over old consolidated moorum surface, but with practicallv no 

soling anywhere. The sub-grade was fairly stable stony soil 

over Newer Dolerit area. 

VI. Temperature in degrees Fahr. Max. Min, 

(1) During construction 104 79 

(2) Range duiing year Not known. 

VII. Rainfall : 

(1) During construction — 5.9 inches. 

(2) Yearly average — 57.38 ” 

Mr. Gupta is to be congratulated on this very interesting paper. 


♦Pages 6a to 64. 
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FURTHER DEVELOPMENTS IN VILLAGE CEMENTS AND 
HIGH SILICA PORTLAND CEMENTS FOR 
THE CONSTRUCTION OF CONCRETE ROADS 

BY 

Mr a K Datta, b.e., o.e., m.i.e. (ind.), m a.e., 
Con/ivlihiq Engines i£- Master Builder, Calcutta. 


This paper is in continuation of author’s paper No. C/39''' of 1939 
for “Development & Application of Village cement and High Silica 
Portland cement for the construction of Concrete Roads”. 

Experiments on High Silica portland cement had shown that the 
maximum strength of tensile bnquettes was obtained by mixing 65 to 
75 per cent cement with 35 to 25 per cent Jhama or Artificial Puzzolana 
In the experiments made previously by the author, he found the 
maximum stiength by mixing 66 per cent cement with 35 per cent jhama 
or arti6cial puzzolana This maximum strength is now obtained with 
70/30 mix. 

Referring to experimental results of new experiments in Sheet 2 on 
the increase m strength by the addition of jhama, we find that the 
maximum strength was produced by adding 70 per cent cement and 30 per 
cent jhama. 

Some experiments on High Silica portland cement were conducted 
by Mr. C.A R Khan & Mr. Lai C Varman of the Research Department, 
Government Test House, Alipore, as published m the “INDIAN AND 
EASTERN ENGINEERS” June 1940 — pages 613-616, which showed 
results similar to the above Maximum results were obtained in some 
cases by adding 70 per cent cement with 30 per cent over-burnt surkhi 
or jhama. (See Appendix I — pp 84-85) 

From these illustrations it is seen that the maximum strength for 
the High Silica cement is got by mixing 65 to 75 per cent cement with 
35 to 26 per cent jhama or artificial puzzolana. 

From the analj'sis of High Silica cement of 66/36 mixture, we 


find — CaO . . . . 42.6 per cent 

SiO^ & insoluble residue 44 24 „ 

AljOj .. .. 5 72 „ 

FcoOj . . . . 2.3 „ 

MgO .. .. 2.99 „ 

SO, .. 1.43 „ 

Loss in ignition . . . . . . 1.55 „ 

100.83 


'’'Sixth Fiocecdings of the Indian Roads Congress, lOiiO. 
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Vicat, (he famous French Chemist, considered tlint for obtaining 
resistant cement, the composition f<hoiild lie such that— 


SiOj + AI2O3 

CaO + MgO 

TT ^ 44‘24 

Here we get 


> 1 

+ 6-72 
+ 2 99 


or 


M. 


As this value is pronter thnn 1, the mixture complies with the 
condition laid down for icsistant cement by M Vieat. 

According to Dr. Michachs of Berlin, the present portlniid cement 
is not all-round the best of all cements. It requires further improvements. 

Dr lilieliBclis (vide Portland cement by Butler page 375) strongly 
disagreed with the pueepinp assertion of the Members of the German 
Association of cement niainifaeturers that all additions of n foreign 
material weakened portlnnd cement, and he bi ought forward the rc'carches 
in Support of his contentions that some tuh'-tniiCf'P, viz , those containing 
hydraulic silic.*! etc might be advantageously mixed up with cement. 

In page 332 of Vol CXXIX of the ProceedmcR of tlie Institute of 
Civil Engineers, wo find the folloning; — 

“The addition of Trass or artificial purrolana to hydraulic cement 
containing an excess of liiiic, such as portlnnd cement, can incren>-e tho 
strength of mortars twice or three times and render them stable in sen 
water This is not surprising ns the bc'-t piir/olanns contain ns much 
active hydraulic mntcnal as the best Portland cements” 

"Hydraulic ccincms which contnin more lime thnn is required to 
form stable hydro-Hilicntcs and Indro-nlluniinnlcs, should not be used 
for marine work unless impioved by addition of subslniiccs such as those 
named.” 


A comparison of typical analyses of portlaml cement, Hiyh Filica 
cement, river mud, inland nind cf- puzznlnnie maltrial (I’lde a Hand- 
book for Cement works— Chemi-itrj’ by Frank B Gate IIouec — page 158 ) 



Typical 
composi- 
tion of 
portlnnd 
cement 
Per cent 

Annlysib Typical 'J’jpical 
■ 05/35 nii.x nnnlii sis nnnUpis 
of High of river of clay 

1 Silica mud, dried ill laud 

cement at ](I5'C 

Per cent Per cent Per cent 

Typical 
analysis 
of pilZ7.0- 
Innic 
mntcnal 
Per cent 

CnO 

03 48 

42 0 

I’Ofl 

1 55 

10 48 

S 1 O 2 (Sol Silica) 

2107 

44 24 

20 85 

20 80 

44 91 

Insoluble sand etc 



3(1 29 

39 75 

X 

AI 2 O 2 

7 00 

5 73 

10 08 

13 90 

17 92 

FogO, 

201 

23 

ono 

0 58 

8 40 

MgO 

134 

2’99 

214 

1-69 

4-81 

SO 3 

2 23 

1-43 


0 27 


Loss in ignition 

1-35 

1 55 

11 94 

7 09 

7 70 

Sulphur ns suipliidc 


- 


0 00 


Alkalies & lo.ss 



— 

3 54 

_ 

4 80 


99 99 

10l)-83 

100-00 

98-01 

100 00 


Pai^er 3E-41 


77 


In page 375 of ‘'Portland ccmmt" hy Butler we find “Of all known 
additions to this kind, the most effective is real Trass on account of the 
high proportion it contains of the hydraulic factors and of the excellent 
quality of that portion of it, which ads as sand.” 

In puzzolanic material ns Trass etc , wc find the percentage of lime 
(CaO) as about 10, wherea.s, m case of clay it is not oven 2, From anal^'sis 
of jhama bricks, it is seen that the silica (SiO,) is partly soluble and partly 
insoluble. The soluble pnit of the silica reacts with hmo casilj', whereas 
insoluble silica nets ns sand In case of Trass (puzzolanic material) the 
whole of the silica is practically soluble like that in cement That is the 
reason whj' Trass when mixed with Urao or cement gave better results than 
artificial puzzolanas, similarly ticated. 

Puzzolanic cement once used by Romans consisted sometimes of 
volcanic Tufas, which w’erc of a porous open grain structure (note here 
there is a similarity with porous jliama) mixed with slaked lime and those 
produced a durable cement, used by ancients foi building construction. 

Again, leforring to page 31 of the same book " Portland cement" hy 
Butler, ire find “The puzzolanic mateiials alone do not pioducc a cement. 
The pie>5cnco of a cementing addition is a ncctbbity, while the activity of 
the ground volcanic mateiuil depends on the prehcncc of soluble silica or 
Hydro-silicic acid which readily enters into combination with lime hydiate.’* 

Again, referring to page 10 of the same book ire see — "Though 
successful in some cases it loas notorious that tn the majority of instances 
where the artificial puzzolanas had been used on a large scale, failure had 
followed. ” 

M. Vicat closely examined the causes of these failures and concluded 
that the lij'drocliloride ol magnesia of sea water penetrated the imperfectly 
carbonated portion of the ceuicnt and led to the disintegration. Ho was 
thus led to believe that puzzolanas produced b}' volcanic heat differed 
from those produced aitifioially and the intercncc would be that to create 
a perfect cement, it was necessary to mix the clay with carbonate before 
calcination. 


Again, referring to page 251 ol "The Chemistry of cement and con- 
crete” by Lea & Dcsch, wo find as follows : — 


“A puzzolanic cement composed of heat-treated volcanic ash, free 
from alkalic.s, mixed with 20 per cent by weight of lime and 6 per cent 
gypsum is manufactured in Italy. Fuzzolana used of approximate compo- 
sition — 


SiO, 


40 per cent 

FcjO, 


11 „ .. 

AlA 

• • 

22 ,, ,, 

CaO 

• • 

10 » 

in 

• • 

10 i» i> 



99 per cent 


"It is claimed that this cement sots or hardens more rapidly than 
ordinary mixes of lime and puzzolanas and has a specially high resistance 
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to attaok by sea water Tho gypsum, the prehonco of wliioli it is olnimcd 
accelerates tho set, is stated to form Lafiiina’s Ciilciiim-sulpho-silico- 
aluminates by reaction with the puz/olanns The licat ti c.ilmcnt of the 
puzzolana increases tho proportion of soluble silica niul alumina. Tlie same 
type of piizzoiana IS also used m tho pioduclion of piizzolnnic portlnnd 
cemont. Two Trass porllnnd cements, premixi'd and packed in bugs, 
containing respectively 30 and 50 per cent Tias>., aie now nNo nini holed 
in Germany. 

On burning ohiv to jliama. a good paitof the silicii and alumina of 
clay IS reduced to soluble silica and ahiminn but even nftei that a large 
paitof tlio silica leinains as an insoluble sand Now if wo add some lime 
or limestone powder with tho clay and thoroiiglilv niiv up tlie sanic, from 
the mixed stuff we make tho bucks or lumps and bum tlic same in ordi- 
nary brick or lime kilns with a little exces-, coal we >.hall easily got jhnma 
bricks or lumps in plenty and in these jhniiia bricks or lumps 
we shnll got most of the silica and nliiininn ns .soluble and will 
thus bo far more active than ordinary jhninii where tho percontngo of 
soluble silica and nlumiiin is limited. It is for this hinited niiioiiiit of 
soluble silica and nliiminn in nitifiuinl piizzohinii. >-01110 cases wcic successful 
while others were failures in the cu«e of JC\pciiniciits by M Vicnt So 
this new method of manufacture of jhiinin btiohs 01 lumps will innko these 
artificial puzzolnnas much more active than oven nntiirnl piirrolanns. 

Thua that wtll he a great development hi the inanvfactnrc of High 
Stlxca Portland cement. 

It will bo within tho easy reach of these buck kilns and hmo kilns to 
turn out easily theso activated jhnnias or hiinps and we can grind these to 
cement specification and mix up in piopci propoition with porllnnd cement 
to produce tho High Sihcn porthind cement If cement clinkers arc added, 
necessary quantity of gjpsum is to be added also Tlie proportion of 
cement and activated jhaina will bo dependent on the lime content in the 
]liama. It can bo 2/3rd & l/3rd, half and half, or l/3id and 2/3rd, or 
similar othci proportions. 

Thus the Village cement mnnurnolute on the above lines has immense 
possibilities in tho future. The quality and strength of the Village cement 
will both improve and that coniciit can bo reliably iit-cd in tho construction 
of the Concrete roads 


Every country has hor Silica cement : — 


Goi many — 

Tiass cement — 

70/30 and 60/50 mix 

France — 

Gaizc cement — 

75/26 

mix 

Italy — 

Puzzolana blended | 




Portland cement | — 

75/26 

mix 

Denmark — 

jlloler comcDl — 

75/25 

mi.v. 

England — 

Potter’s Red cciiicnt — 

75/25 

mix. 

Japan (Osaka} — 

Silica cement — 

75/25 

mix. and 


— 

G5/35 

mix 

India — 

Datta’s Silica ccnicnt — 

70/30 

mix. and 
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Referring to page 656 “Encyclopedia Britannica” under heading 
"CEMENT”, we find that ordinary portland cement contains mostly Tri- 
Calcium silicate, which when hydrated with water, liberates free 
slaked lime 

2(3 CaO. SiO„) plus 9 H,0 = 2(CaO. SiOj), 6 HjO plus 

4 Ca (OH), (slaked lime) 

3.CnO. A1,0, plus 12 H^O = 3. CaO Al,Oj. \2Ep\ 

It will be observed that in the hydration of Tri -Calcium silicate, — 
the main constituent of portland cement — , a large proportion of lime 
apljears as Calcium Hydroxide i c Slaked lime. 

It is evident therefore that this will form a puzzolanic cement if a 
suitable silicioua material, such as Trass is added to the cement The 
ultimate product when set may be regarded as a mixed portland and 
puzzolanic cement 

Free slaked lime in the present portland comont, when set, is a 
source of weakness. In order to produce a stabilised cement, containing 
onl}’^ the stable compounds, we shall have to inanufacturo standard 
Portland cement, rich in lime and another activated lime clay clinker or 
jharaa, rich in active silica and alumina ; on combining two together in 
proper proportions, wo shall get a stabilised cement, where the free lime 
of the former will be compensated by the active silica and alumina of 
the latter. When the exact proportions are found it will not be difficult 
to fix up the standard for High Silica portland cement, to pioteot the 
same from adulteration. Even then, only the high standard of strength 
with ago much above the portland ceinont will piotoct it from adultera- 
tion. (See Appendix II, p. 86.) 

Thus in Older to have stabilised portland cement wo shall have 
to manufacture two kinds of clinker, one of the standard portland cement 
and the other of activated jhanm clinker, with lower lime content 
and the higher silica and alumina content and the two kinds of clinkers 
are to be so mixed that the free lime libeiatcd from the standard portland 
cement may combine with the active silica and alumina of the activated 
jhama clinker. Tho manufacture of activated jiiama clinker can easily 
be done in ordinary brick or lime kilns as tho percentage of lime added 
to tho brick eartli is not high enough to pi event it from being fused in 
ordinary kilns. This activated jhama clinker can be ground with portland 
cement available nearly everywhere. So it will bo possible to manufacture 
high class cement in village areas. In tlie case of Cement Factories two 
kinds of clinkeis could bo manufaotuied and from tho same. High Silica 
Portland cement could bo easily manufactured That will be useful for 
the factories from another consideration also, that lime-stones with 
lower limo contents will be profitably utilised by this process. We can 
theiefore hope that by this proce.ss, tho cost of High Silica cements will 
bo much lowered to bo economical for the consti notion of Concrete roads. 

It will not bo out of tho place hero to compai c tho High Silica 
Portland comont and Village oeraeiit with tho blast furnace slag cements 
which are now very commonly used in Europe and study of which had 
been very thorough also. 
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Blast furnace slag cements are tlie least costly of all cements 

Eofening to tlie pamphlet on cement fiom blast furnace slag by 
G. Polj sins of Bessau, Germany, manufacturers of Cement Slnehincncs 
n-o find m page 0, — 


iSlaqs from fui nacc, suitable for the manufarAure of cement hi/ ijiimlinq 



Highly reactive 

Slouly 1 cacti ve 

SiO, 

27—31 per cent 

33 — 37 per cent 

A1,0, 

13—20 

10-12 „ 

CnO 

30-45 

50—40 „ 

CaS 

8- 4 

4- 2 , 

MgO 

8— 2 

:1- 1 .. 


Blast furnace Mag, Huitablo for making cement by grinding the lower 
limit of CnO = 42%. 

The moat ralunbic slag.s unite n high pereentngc of lime w illi n high 
percentage of alumina, the proportion of silicic acid ought to bo limited. 


By grinding the slags the following cements me mLinnfacliued ; — 


(1) SJag Cemont 75 per cent 

blast furnace sing. 

or; 

liydiatc of lime 

The slag should contain. — 30 to 40 per cent of lime. 

27 to 37 

silica. 

10 to 20 

ahiinina 

2 to 8 

Calcium sulphide. 

1 to 8 „ 

Mag Oxide. 

(2) Iron Portland coincnt, — 30 per cent 

Blast furnace slag. 

70 ., 

Portland ecnicnt clinker 

(.3) Blast furnace cement — 70 „ 

Blast furnace slag. 

30 „ 

Portland cement clinker. 


It will be seen that the sing cement is quite diifeient from the rest. 
The methods of prodiiotion m this case consist in the simple but mng of 
the lime and a furl hci fn routable circumstance is tiiat the cotisumption 
of raw materials is reduced by hydration with water For the icsb the 
blast furnace cement appeals to bo ino^t adrnntageoiiR Experience has 
proven that cements fi om blast furnace slags must bo more finely ground 
than ordinary portland cements 


From these figures wo can easily see that in making our activated 
jhama clinkeis it will bo better to have 40 to 50 per cent of lime, 27—37 per 
cent silica, 10 to 20 per cent alumina. The higher the percentage of lime 
and alumina is, the better will bo the quality of activated jhama clinkers. 
Rapid cooling will be necessary and that can bo arranged easily in case of 
brick kilns by removing the covering rubbish on the bricks 






P^rEE E-41 


81 


(A) We can make cement similar to slag cement by mixing: — 

Activated jbama clinker — ^76 per cent 
Hydrate of lime 25 per cent 


(B) Wo can make cement similar to Iron porlland cement by mixing- — 

Activated jbama clinker — 30 per cent 
Portland cement clinker 


or Portland cement 


70 per cent 


(C) Wc can make cement similar to Blast fiirnaco cement by mixing-— 


Activated jlinma clinker — 
Portland cement clinker ) 
or Portland cement j 


70 per cent 
30 per cent 


(Sec Appendix III, pp- 80 —89.) 


NEW EXPERIMENTS 


Elaborate experimental rcseaiches on Village cement and High Silica 
Portland cements were uiidet taken by the author from August 1941 in 
Dalmia-Dadri Cement Laboratory (Jind State) and in Dalmianagai 
Cement Laboratory (Bihar) The results have been given in the enclosed 
Charts in Sheets Nos. 1 and 2, pages 91-92. 

Expeiiments 1 to 28 are on Village cements and 29 to 43 aie on 
High Silica Portland cements. In all these experiments, samples were made 
first All materials were giound finely to cement specification in Laboiatory 
Ball Mill at Dalmia-Hadri Cement Pactoiy and the} were mixed separately 
The mixing was done in the Ball Mill again for 15 to 20 minutes, so as to 
ensure thorough mixing of the ingredients. All physical testo, on samples 
viz., fiiicnes.s, setting time, soundness, tensile strength with sand (1-3) at 
3, 7, 28 and 90 days, were made in Dalraia-Dadi i Laboratory. 

A part oi each sample was taken to the Chemical Laboratory, 
Dalmmnagar (Bihar) and tested with 3 times tho weight of sand (1 3) to 
find the coiroboiation of the tests of Dalmia-Dadn Laboratory. The 
object of making tests in two dilferent Lahoratoiics is to be ceitain about 
the results of tests. The samples were gauged m Dalmianagar Laboratory 
about 3 weeks after tho gauging at Dalmia-Dadn ; so the results of 
Dalmianagar Laboratory came out somewhat lower than the others. Sone 
sand of the standard gauge was used in all these tests in both laboratories. 
Tho author is thankful to the Laboratory Authorities, Chemists and their 
assistants for tho help in conduotiiig these tests. 

The results have been tabulated under the beading : — 

"Experimental Researches on Artificial Piizzolanic cements”. 

Experiments were undertaken under 10 different Groups, 

(I) Ormp .4— Lime, jhama, gypsum — Experiments 1 to 7. Of these 
Experiments 1-6 aie with lime and jhama in different proportions, 
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as 1:1, 1 2, 1.3, 1:+, 11.1, 2.1 •with S per cent gypsum and E'^pt 7 is vpith 
11:1 with 10 pci cent, gypsum— to find the effeel of excess of gypsum. 
These results me exlreniciy interesting. In E.\periinent3 No 3 and 4, «o 
find the strength of 1 3 mm tm higher than poi timid cement (1‘3) mortar 
(Expt No 29) in 90 days The results are 095 Ihs C2t Ihs per sq. in. ns 
compared to 085 Ihs. poi .sq. in. E\pcninent 7 as compmod to Expciiment 
6 showed that the tensile strength was not increased hy .adding excess 
amount of gypsum 

(II) Clioup li — Lime and jlinma — here no gypsum w as added to see 
the elTect of gypsum on the strength of morims Expeiiments S, 9, 10 
are with 11,12 and 1'<1, The results at 90 dny.s are mueh lower tlinii 
Group A, with gypsum 

(III) Group C — Lime, jhama and burnt pjpsnm. In E\'peiimenls 
11, 12, and 13, (i pei cent liiirnt gypsum had been added. Here ne do not 
find higlici stiongth than with ordinary gvpsiim. By adding g\psum, the 
setting time WAS acceleinted So there is no advantage in adding biiiiit 
gypsum 111 the place of 01 dinnry gypsum Tt m to he noted also 11ml the 
fineness in Group A was belter than Gioup G. 

(IV) Group 1) —Lime, jhnmn, gypsum and ordinary eenient Ex- 
periments 14, In, 16. Lime, jhnnm, burnt g\ psiini ancl eernent, Expeii- 
ment lOA. In expcMments 14, 15, and 10, ociuent 20 per cent hy weight of 
lime and jlmma had been added with .O pei cent gvjtsiim. In spite of the 
addition of Iniinl gvpsnm, the lesnlts me not higher than tl ose in Gioiip 
A This IS interesting Exptiimeiil lOA slions that the setting time is 
accelerated by the addition of hurnt gypsum lint not the strength. So 
there. \s no uac iv athhm lt7nnl qpp'^vm tn the phia of oithnnnj 

(V) Gtoup E — Lime, led snoikhi, gypsum — Expcriincnts 17, 18, 
19. As conijmrcd to jliama in Group A, tlie-o results are eompaintively 
lower, l^ropoition of 1 4 gave higher strenptlis than 1 1 and 1‘2 
With red soorkhi the .stiongth With I 3 moilnr was 4 'j() Ihs per sq inch, 
wheicas, with jliama the si length was (520 Ihs pci sq in (I'ivpt 4) Eieii 
lime jlianin in Gioiip B IS stiongci Ihmi lime, red sooiKlii and gypsum 
The losiills arc Aciy higli ns compared to lime ^oorlthl in Group 1' 

(VI) Grojip /’.— Lime, red soorklii --Expeiiinents £0, 21, 22 It 
IS to he noted llmt the fincriesH is low in these expeiinieiits 'I’lic strength 
would have been somcwlint higher if the liiioiiC'S had been better. The 
strength of mortar is eon.sidcrnbly lower as compared to Group E with 
gypsum. 

(VII) Group G — Lime, red soorkhi, burnt gypsum — Experiments 
23, 24 and 2.5 The results are nut higher than those in Group E, with 
lime, red soorkhi and gy psiim So time 7<i no diurt whuntaffr ht/ addxnq 
burnt gtjpsutn in the place of vnhrirnt gtipsutn. 

(VIII) Group n. — Lime, red soorkhi, gypsum and cement. — 
Experiments 26 and 27. Lime, red soorkhi, burnt gypsnin and cement 
Experiment 25 These Experiments show that there has been considci- 
able incicasc in strength, much liighcr than portland cement, ndc 
Experiment 29. In Expciiment 27, the slrenglh of 1'3 inortaT 
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in 90 days is 675 lbs. sq. in. as compared to 585 lbs. per sq. inch for 
Portland cement. 

In the manufacture of Village cement, Experiment 27 can be followed 
easily. This has got a great future. 

We find best results in Group I and Group VIII and moderately 
good results in Group II and Group V. 

The author wrote to Mr. Syed Arifuddin, Chief Engineer and 
Secretary, P. W. D , Irrigation, Drainage, Hyderabad State, and a 
Member of the Council of the Indian Roads Congress, to try some of these 
experiments. In reply, he wrote he would do and communicate the 
results to the author. Some of these experiments are being repeated 
now in Dalmia-Dadri Laboratory. 

After conducting these experiments the author feels convinced that 
there are immense possibilities m the manufacture of cement. We can 
manufacture cement at a cheap cost which will be stronger than portland 
cement with age, (say after 3 months), will not contain any free lime like 
set portland cement and will thus stand better than portland cement 
with age. 

The advantage with portland cement is that it gets strength at a very 
eatly age, wheteas, oui new cement will not be so strong as portland cement 
at early age but with age loill be stronger. This is a thing worth consideration 
for all Engineers. 

(IX) Group I. — Experiments on High silica ' cement, cement 
jhama. Experiments 29, 30, 31, 32, 33, 34 These results corroborate the 
results obtained previously as given in Paper C/39.'*’ 

70/30 mix (Expt. 32) gave a strength of 713 lbs per sq. in. for 1:3 
mortar as compared to 585 lbs. sq. in. for portland, cement mortar 1:3 
(Expt. 29) in the same period of 90 days. Thus we get confirmation of 
the tests from experiments done at Dalmianagar Cement Factory Chemical 
Laboratory ; at Government Test House, at Alipore ; and also at Dalmia- 
Dadri Cement Laboratory. We can safely state that we can produce 
High Silica cement by adding cemesit and jhama, wheie the free lime hbeiated' 
at the setting of the cement combines with the active silica and alumina of 
jhama, finally ground to cement specification. 

Experiments 35, 35A, 35B, 36C — Cement, jhama, slaked lime. Here 
we find the effect of bme on cement jhama mix. Addition of lime made 
the cement more plastic but reduced the strength at the early age and 
with age the strength revived. 

(X) Group J.-rCcment, red soorkln. Experiments 36, 37, 38, 39, 
40. Here we do not find the same increase in strength as in Group I, 
with jhama. Cement, red soorldii and lime — Experiments 41, 42, 43, 44. 
In these experiments where the percentage of cement is low, lime has 
been added to find if the strength increases with age. 

*Dovelopment and Application of Village cement and High Silica Portland cement 

for the construction of Concrete Roads by the same author sixth proceedings 

of the Indian Roads Congress, 1939, 
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On tlie whole, these cxpcrimentR show very clcnrly the importance 
of jhnmn, when ground tincly to eement spcciiicntion, both with hmo 
and with cement. Wo see clearly now why Ptriirtiiios made with Homan 
cement, 2000 yearn bacl;, are standing the atmonphcrie action c\cn under 
sea water in excellent condition In ancient tune, there wan no machinery 
to grind the June jnirzolnnn to that fincncRn of cement i r to pn^^^ 170 mesh 
per ineh, but iioiv with the help of Ball JIiIK we ran guild easily cement 
clinker, jhania niicl gvpsiim , oi lime, jhama and g^iiMim to a fineness 
of cement spccirication 
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APPENDIX No. 1 

Results of Experiments on “Cement— soorkhi mortars” by C.A R. 
Khan & Lai C. Varmail — published in the “Indian & Eastern 
Engineers”, Juno 1940— in pages G13-615. These Experiments wore 
conducted at the Government Test House, Alipore, by the Research 
Department. These results are very interesting and confirm the results 
obtained by the author ns published in his Paper 0/30.'*' 


Tabic 1 

Effect of over-burnt soorklii on strength of cement “A” 


Composition by weight 

Tensile stiongth in lbs. per sq 

. in. at — 

Sand 

cement 

over-burnt 

soorkhi 

3 days. 

7 days. 

28 days. 

3 months. 

300 

100 

0 

007 

G14 

6G8 

686 

300 

95 

5 

623 

G93 

710 

726 

300 

90 

10 

66G 

715 

730 

737 

300 

85 

15 

028 

G45 

773 

787 

mim 

80 

20 

675 

630 

774 

796 


76 

25 

605 

G35 

749 

842 


70 

30 

517 

563 

721 

851 

300 

05 

35 

510 

545 

700 

795 

300 

GO 

40 

480 

610 

625 

625 


Table n 

Effect of over-burnt surkhi on strength of cement “B” 


Composition by 

weight. 

Tensile strength in lbs. per sq. in. at — 

Sand 

cement 

over-burnt 

surkhi. 


7 daj’s. 

28 da3's. 

3 months. 

■n 

100 

0 


. 463 

502 

514 


95 

5 


484 

521 

637 


90 

10 


496 


561 


85 

15 


617 


065 


80 

20 


568 


083 


75 

26 


561 


760 


70 

30 


55S 

GIO 

789 


65 

35 


489 

583 

723 


60 

40 


484 

678 

702 


* Frocooding I. R. C., Vol. VI, paper C-30. 
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From Table I, we find mixes, 100/0, 

76/25, 

70/30 getting strength 

in 3 days — 607 

565 

617 

lbs /sq. in. 

7 ., -614 

6.35 

563 

ii »i 

28 ., —668 

749 

721 


3 months —686 

842 

851 

f> ff 

From Table II, we find the results from the same mixes as follows — 

100/0 

75/25 

70/30 mixes. 

In 7 days — 463 

561 

558 

Ihs /sq in. 

28 „ —502 

618 

610 

ff ff 

3 months — 514 

760 

789 

ff If 


These results corroborate the results obtained by the author in his 
sxperimcnts. 

That shows that there is good prospect for Silica portland cements, 
as their final strengths are much higher than those of portland cements 
and the cost of production will be somewhat lower. 

APPENDIX No. n 

Portland cement when it sets liberate*, a lot of free lime. Thus set 
cement contains a largo amount of free lime. 

In order to determine the amount of free lime in set cement, the 
author took a piece of sot cement from an old setting lime mould 
left outside the laboratory at Dalmia-Dadri Cement Factory, and got it 
analysed in the Chemical Laboratory by Air T. C Pun, M.Sc , Chief 
Chemist of the Laboratory. The analysis is as follows': — 

Free lime as CaO plus Ca{OH)g in set cement. 

Weight of set cement taken from an old setting lime mould left 
outside laboratory and seveial months old — 

Wt of set cement — '5 gramme. 

Boiled with 25 c. c. of Alethyl Absolute Alcohol and 6 to 6 c c. of 
Qlycerme with air condenser, a few drops of Fhenol-thalm 
indicator were added to Alcohol. 

Titrated hot with standard Amonium Acetate solution till the pink 
colour disappeared Again it was boiled for about half an hour and 
when the pink colour appeared it was again titrated hot with Amonium 
Acetate solution. It was repeated till the pink colour did not reappear 
after boiling for I hour. 

(Standardisation of Amonium Acetate solution — ^Dissolve 16 gms of 
Amni. Acetate in 1000 c o of Absolute Alethyl Alcohol. Take '1 gm. of 
freshly prepared CaO, boil it with 26 c c of Alcohol, 5 c.c. of Glycerine, 
few drops of Phenapthohn and repeat as above, till we do not get anj' 
pink colour after boiling for 1 hour.) 
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From the number of c.c.’s of ^mm. Acetate used, the strength of 
the solution can bo calculated. 

Wt. of set cement 0'5 gramme. 

No. of C. C. of Aram. Acetate used 0-5 

No of C C. of Amm. Acetate Soln. used for 0-2 gm. of CaO = 33'6 c.c. 

Therefore, strength of Amm. Acetate = 0*2/33'6 - 0*006 gin of CaO. 
or, 1 c.c. is equivalent to 0 6 pei cent of CaO. 

For 0'6 gm. of sot cement we used 6 5 c.o. of solution. 

Therefore, for 1 gm. we would require 13 c.c of solution. 

Therefore CaO with set cement - 13x0*6=7-8%, or say, 8 %. 


(Analysis done in Chemical Laboratory, Dalmia-Dadri Cement Factory). 
Analysis of the, above cement — 


CaO 

62-1 per cent 

SiOj 

22-6 

f> 

AlA 

6-4 

99 

FcjOj 

3-3 

99 

MgO 

2-6 

99 

SO 3 

2*5 

99 

Loss 

1*3 

99 


99*7 per cent 


APPENDIX ni 


For several years the author has been investigating the possibility 
of manufacture of a cheap cement in India. While constructing the 
different cement factories between 1937 and 1941 of Dalinia Group of 
cement factories at Dalmianagar (Bihar), at Karachi (Sind), at Dalmia- 
Dadri (Jind State), at Doundot (Punjab), at Trichinopoly (Madras), and 
of Assam Bengal Cement Factory at Chliatak (Assam), the author's query 
to the suppliers of cement machineries was — "Is it possible to have a 
cement factory with a small investment of capital ? and the reply was 
generally in the negative”. 

All these years, the author was experimenting to find out if it 
was possible to make the combination of lime and clay to produce cement, 
other than the burning at high temperature between 1200 to 1600 degrees 
Centrigrade. Some of the results have been described in tho author’s 
Paper C/39 and some more in this paper. The author developed a series 
of Specifications for tho manufacture of cements and some of them 
have been printed by the Patent Office of tho Govt, of India. 


Pappb l!l»4l 




(J) Spcdficntion No, 2J777, 23rd December 1937. 

niPROVEJIENTS IN OR RELATING 'J’O JIANUFACTURE OF 
CEMEN’JTNG JIATERIALS 

It describes a nu‘l hod of innnurnetiirinf; oemontinp matennls, such 
as cement and hydraul IQ lime fot (he coiislniolion.'il uorkh by niixinf; 
together slaked linio and chiv and biiintrig (he saine in oidiimry kilnn, 
lime kilns or eeinenl kilns ni(li aoine frvpitini, 
ditlo irith jhnttin 
ditto nith cement 
ditto nith combination. 

From the nuthor'a experiments in Siieel 1 — Group A (Expls. 1-7), ■which 
dealt uith slaked lime, jliaina and gypsum, the ant lior got x’cry e^eellent 
results ivilh lime, exceeding the strength of port land ci'ments Group D, 
Expts 11, 15, 1(3-011 lime, jimmn, gypsum, cemi*nt-g<ix'e also very good 
results. Non by Inirmiig a mixtiue of lime and clay, xve elTecI a chemienl 
comhiiiation of lime and clay to form Cslchiin silirnte & Ciilemm Aliimi' 
iiatc, xvhich in turn aecelerate the initial setting and strengthening 
the mortar So this Cement xvill bo miperior to tho-ie de.^oribed in Group 
A & B, C, D, E. F, G, and H. 

(2) Specification No. 23203, 23rd December 1937. 

IMPROVEMENTS IN OR RELATING TO MANUFACI’URE OF 
CEMENTING iMATERIALS, 

It desoribcsi an improved manner of manufacture of temenling mate- 
rials in which over-burnt bricks called jImmn or picked jhama are ground 
finely and mixed up with cement or mixed tip n ith ocment clinker and a 
small percentage of cement gypsum fiiiolj grntinrl and all ground finely. 

This IS nhoiil silica cements. Author’a E.xpts 211 1o ‘111 show that vith 
75/25 mix, we get great incicase, both in initial and final strength and 
with 70/30, wo get highc.st increase in final strength, much above tho 
mother portland cement itself 

(.3) Specification No. 23S03, 23th Ortuber J!l!SS. 

IMPROVEMENTS IN OR RELATING 'J’O MANUFACTURE OF 
CEMENTING MATERIALS. 

It describes a mctliod of manuracliiring cemeiilmg matorials, which 
consist in ni.iking an intimate mixtiiro of alakrd liinc or h^xdraiilio limo 
nith soorklii (which is brick dust of soft, hard or vilnfied bricks or of 
other kinds of liuriit cl<iy) with a amall pcrconliige of Gypsum or Plaster 
of Pans, with or without the addition of some cement. 

Ditto W’lth or without the addition ofsoino silicat-c of soda. 

Expts in Group A — (E.xpls. 1-7) 

in Group D — (Expts U, 1.7. ifi) 

in Group H — (Expts 25, 27, 28) 

showed tho great stionglh developed by this process 
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(4) Specification No. 27112, dated 5th January 1940. 

IMPROVEMENTS IN OR RELATING TO MANUFACTURE OF 
CEMENTING MATERIALS. 

The invention is an improvement in or relating to nianufactuie of 
cementing materials and this is a modification of author’s prior Indian 
Specification No. 25806 of 1938, which consists in making an intimate 
mixture of slaked lime or hydraulic hmc with sooiklu (winch is brick 
dust of soft, hard or vitrified bricks or of other kinds of burnt clay) and 
a part of Plaster of Pans or Gypsum, with or without the addition of 
eement or cement clinker and where necessary with the addition of a small 
percentage of soda silicate. 

The object of the author’s present invention is to modify this method 
so that it may be applicable to make easy the manufacture in all places in 
British India. 

With this object in view, author’s invention is a thorough mixture 
of lime and soorkhi specially made, ground finely with a small percentage 
of Gypsum or Plaster of Pans. The soorkhi is specially made by burning 
clay with a mixture of lime or limestone powder and the mixture is taken 
as a substitute of clay m the manufacture of sooikhi. This cementing 
material can be used with additional part of ordinary soorkhi, sand, 
cinder, ballasts, shingles or other materials, both in mortar and in con- 
crete. The percentage of clay or lime or limestone powder can be varied 
as desired and that will be dependent on the temperature of the kiln, where 
the clay mixture is burnt 

In European countries, natural puzzolanas are available. The 
puzzolanas are of volcanic origin. They are gxound very finely and used 
with lime. Many experiments had been done in Germany with German 
puzzolana called Trass. From records we find that the result of experi- 
ments with lime-trass mortar in the proportion (by w^eights) 

Hydrated lime . . 1 

Trass ground very finely — 4 
Standard sand 16 


gave a tensile strength per sq. inch as follows : — 


7 days 
28 „ 
90 „ 

1 year 


238 

366 

416 

437 


lbs. per sq. inch. 

1} 19 If 

fl If If 

11 II II 


With ordinary lime-soorkhi mortar, such results are not possible in 
7 days, but possible with soorkhi specially made. Soorkhi specially 
made as described before can be described as artificial puzzolana. 


The second modification of author’s invention is to add some cement 
up to 60 per cent of the total weight of mortar with the lime soorkhi mortar 
as described before. The object of adding cement is to start initial set in the 
mortar earlier. As cement contains gypsum, it may not be necessary ‘to 
add additional gypsum in many cases. Thus, the mixture y^ill be lime 
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and soorklii spcnnll}' nindo, ground fiiioly, and mixed up witli a proportion 
of cement, varying up to 50 per cent of the total weight of mortar, TLo 
resultant composite mortar wilt behave in btrength and setting more 
or less like porlland cement raortara 

It IS conernlly knosvn that in India, old praclicc tn impro\c the lime 
Eooikhi mortal was to add aiigar, gur (sugar candy) inoln*'<-(‘s, catarliow 
and several other country pioducts, siieli as Unel fruit, Mcllicc (a kind 
of pulse), tamarind mixed upnith water Aceordiiig to autliorVinvcntion, 
these materials can be used with the finely ground lime-soorJilii mortar 
and these will strengthen flio mortar fiiithor. Tlicso materials can ho 
added separately or in combination of two or more with the liine>soorkIii 
moitar. 

It IS to ho noted that the alteration of proportions or the addition 
of such other materials, ns cinder, sand clo. finely ground will not vitiate 
the spii it of authors invention In all eases, lime and soorklii speeiallj 
made, ran ho ground togetlier or ground separately and then mixed up 
together. The lime can he hydraulic lime or hvdnilrsl lime. 

So by that invention it will be possible to piodiieo a lime or 
ecnicntiiig material uliieh u ill rival poiilaml enincnt in strength hut will 
not require the hcaty initial outlay of money m the mamiiaclure of 
Portland cement. The grinding of the cementing niatennls may be done 
dry or nith water as rcquiied. The lime described in the bpecification can 
he cithei slaked or hydraulic lime. 

APPENDIX No. IV 

Tcslhg of cenirnt—lu the experiments foi tensile tests, the nntlior 
nsed watei at 8J pci cent for Dalmin-Dadri Experiments and at 8 per cent 
of the weight ol cement and sand for Dnlromnagar Experiments. In these 
tests the briquettes in two jilaces were made by two Gniigera The Results 
diifeicd to a eeitnin extent due to later gauging at Dainiianagsr, after 
about 2 weeks, also due lo dificnnt amount of compaction of the 
briquettcfc by two diffoient Gaugers The amount of compaction varied 
according to the capacity of the Gauger. 

In this Gonnection, the author’s experience at Tlnglidad in 1941 
about testing of cement will bo greatly convinring Tins relates to the 
acceptance of D.slmia Cement by the Iraq Govt , Uaghdnd, early iii Ittll. 
The Chemical Examiner of the Iraq Govi>rnnient tested Daliniii Cement 
fiom Karachi F.sctory with 3 times the weight of standard sand and 7.8 
per cent water The btrength obtained by him was in 3 days less than .30') 
lbs. per sq in. and in 7 days lcs<- than .37.5 llis. per sq. in. and thus the 
cement was rejected as not complying with B.8 S. The nut Imr svont to 
Baghdad in February 1941 with a Gauger from Dslininnagnr Cement 
Factory and the Gauger made, in prcseiiee of the Clicniieal Kvaiiiiner of 
Iraq Govemmonl, the liiiquettes with Dalmin Cement and standard sand 
in 1 . 3 proportion and 7 8 per cent wntei. The sticnglli obtained sms 
above 400 Ihs pei sq m. in 3 day sand ahosc 500 Ihs pci sq. in. m 7 days 
Thcicupon the Chemical Examiner look fresh sainplcs fiom the same slock 
as before .snd made 1 3 mortar briquettes with 7'S per cent water This 
time he got the strength of briquettes about 350 lbs pci sq. in, and about 
426 lbs per sq in in 7 days and Bubsequenlly passed the cement as 
complying with B.S S. 
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Then the question arose why the strength of the same cement with 
the same quality of sand and same proportion of water varied in strength 
by about 100 lbs. per sq. in. and what was the cause of such a big 
difference. 

On closer investigation it was found that the difference in strength 
was duo to different degrees of compaction of the briquettes. 

All briquettes were made in standard moulds; on weighing some of 
the wet briquettes in Case I, the weights were found to bo 149 to 150 
grammes; in Case II, 160 to 161 grammes; in Case III, 156 to 156 grammes. 

The strength of briquettes varied considerably according to the 
weight of the briquettes i. o. according to the compaction.' The 
difference in strength was about 100 lbs. per sq. inch. Thus the strength 
depended upon the capacity of the Gauger to maJie compaction of the 
' briquettes. 

In standard Tension testa, that should not be the case. Tests done 
by different men should give the same or similar results. 

In Compression tests as set up by the new British Standard Specifi- 
cation, 10 per cent water is added for making Test .specimens. In Tension 
teats too that should have been the standard. 

4 

It will be a good thing if the Indian Roads Congress revise the B S.S. 
for cement tests and sot up now Indian standard Specification with 10 
per cent water. The peisonal elemoPt of the Ganger will be mostly 
eliminated in briquettes with 10 per cent water as after a few strokes with 
standard Spatula, water comes up on the surface. 
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Mr. N.V. Modak (Chairman) called upon Mr. Datta to introduce his 
paper. Mr. T. G. Milra introducing the above paper on behalf of 
Mr. Datta read the following note 

I have great pleasure to introduce my paper on “Further Develop- 
ments in Village Cement and High Silica Portland cements for the 
construction of Concrete Roads.” This paper is in continuation of my 
last paper No. G/39 of 1939, which was read and discussed at the 6th 
Indian Roads Congress at Bombay, in December, 1939. 

During discussion in 1939, Mr. N. V. Modak (Chairman of that 
Paper Meeting) said after general discussion of the paper — (Vide 
Page 21 (c) — Proceedings of 6th Indian Roads Congress — ^Discussions 
on Paper G/39). 

“However, what is really needed now is that Mr. Datta should 
give us more data and bring his paper within the bounds of Practical 
Politics. With the materials now available, I do not think any Engineer 
will be able to achieve tangible results.” 

I 

‘T hope that Mr. Datta will continue his efforts undaunted in 
this direction, so that he will be in a position to give us next year 
fuller particulars as to the way in which to reduce the cost of cement.” 

In my reply to the discussion of Mr. Modak — [Vide Page 28 (c)], 
I said — 


“I thank Mr. Modak for his suggestions and I hope to make further 
advance in this matter before the next Meeting of the Indian Roads 
Congress.” 

“Experiments have been ^ taken up to find if we can produce the 
Village Gemrat without burning An advance has already been made 
in that line. It consists in making fine mixture of lime and hard- 
burnt surkhi and mixing some percentage of Gypsum and cement 
with it. If these Experiments produce the desired results, the production 
of Village Cement will be easier and cheaper.” 

The present paper deals in great detail the experimental results 
about this development. In the September Issue of the “Indian and 
Eastern Engineer”, 1942, I wrote also an article on “Lime-Surkhi 
as a substitute for porlland cement” in pp. 359-360. 

Now coming to our subject — It will come as a surprise to many 
Engineers to learn that Lime-Surkhi mortars can replace portland 
cement under certain circumstances, a fact which has been established 
by recent research. Surkhi is powdered burnt clay, usually made by 
grinding red bricks. The use of Surkhi from over- burnt or fused bricks 
was practically unknown to general Erigincers but modern experiments 
have shown tiiat the best Surkhi for producing the strongest lime 
mortars come from these over-burnt or fused bricks, known as jhama 
ground very finely to cement fineness. 

Surkhi was made from ist class bricks, ground to pass B. S. Sieve 30 
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mesh per inch. The proportion of Lime to Surkhi was i :3 by volume. 
The tensile strength of the Limc-Surkhi briquettes was' — 

In 14 days . . 135 lbs per sq. inch. 

In 28 days . 256 „ „ 

In 3 months . 399 „ „ „ „ - 

In 6' months . . 428 „ „ „ „ 

The briquettes were immersed in water throughout the Tests. 
Compare these results witli those of a similar Series of Tests on bri- 
quettes of hmc and standard sand in the proportion of i :3 by volume. 
The tensile strength of lime-sand briquettes was.— ■ 

In 14 days . 1 7 lbs. per sq. inch. 

In q 8 days 23 „ „ „ „ 

In 3 months 47 „ „ „ „ 

In 6 months . . 52 „ „ „ 

The Test Reports No. 3042 M. D. 6-1-37 lead to a very interesting 
conclusion vh. that the lime-surkhi mortar sets very hard in the 
presence of water, wheicas, tlic hmc-sand mixture docs not. That 
proves that Surkhi has hydraulic or pozzolamc propcrlies which are absent 
171 sand Now we proceed with further investigations on the subject: — 

1. What kind of Surkhi produces the strongest mortars ? 
What arc the actions of under-burnt, well-burnt and over- 
burnt Surkhi ? 

2. What proportions of Surkhi with lime produces the strongest 
mortars ^ 

3 How to increase the strcngtli of Limc-Surkhi mortars still 
further ? IVhat is the action of Gypsum ? 

What is the action of cement ? 

4 What are the chemical leactions involved ^ . 

5. What arc the comparisons between portland cement and 
< strengthened Limc-Suikhi, about constituents and about strength 
and life ^ Comparison of free hmc in set mortars in both 


eases. 

6. \Vhat IS the action of Jhama Surkhi on portland cement and 

how B the strength affected ^ 

7. What is the action of lime on portland cement-surkhi mortars 
and how is tlio stiength affected ? 


These investigations arc really very intcicsting and lead to very 
important developments— (a) in the manulacturc of ViUage 
Cement, (b) in the manufacture of High Silica portland cement, and (c) 
in the manufacture of Perfect portland cement. 

1 What kind of Surldii produces the strongest mortar ? 


A lone senes of Experiments were undertaken on this subjKtat 
the Govt. Test House, Aliporc, and the results were published in 
Indian Industrial Research Bulletin No 24, on — “Burnt clay or surkhi 
as pozzolana" by G A R Khan and Lai G. Verma, in 194*- 

These experiments were conducted on lime-surkhi mortars, 
ivith fine grinding of the Surkhi and with ^different kinds 01 
Surkhi, viz., under-burnt, well-burnt & over-burnt or jhama. The Surkhi 
was ground in a cast-iron Ball Mill to pass B.S. Sieve No. 30 some 
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to pass No. 170 B.S. Sieve. The Tests were made with 1:3 proportion by 
volume and tensile strengths were determined at 14 days, 28 days 
3 months and 6 months. The average results given at page 16 of the 
Bulletin were as follows: — 


Brick 

Field. 

1 

Degree 

of 

Burning. 

Lime-Surkhi 
ratio by 
weight. 

1 Tensile strength in lbs 

1 per sq. inch. 

14 

days 

28 

days 

3 

months 

6 

months 

Average 

Under-burnt 

I : 8.0 

•19 

189 


3^7 

of 

Well-burnt 

I : g.o 

•35 

236 


386 

all 

Over-burnt 

I :io.o 

•43 

244 

m 

457 


From these and other 'results the conclusion to be drawn is that 
over-burnt Surkhi with lime gave, on an average, 25 per cent, higher 
results than well-burnt surkhi, while imdcr-burnt Surkhi gave, on an 
average, r4 per cent, lower results than well-burnt Surkhi. 

In my Experiments with lime-surkhi mortars, made from well- ’ 
burnt and over-burnt or jhama surkhi, I have arrived at similar 
results. (See Experimental Results at the end of Paper ) , 

(2) WHAT PROPORTIONS OF SURKHI & LIME PRODUCE 
THE STRONGEST MORTARS. 

From Experiments, I found 1.3 & 1:4 proportions giving higher 
results than I'l & 1:2. (Sec Experiment Results. Also, Vide “Chemistry 
of Cement & Concrete” by Lea & Dcschon Pozzolana Cement). 

We sec that the strength developed in limc-pozzolana mortars 
varies with the ratio of lime : Pozzolana in the mix. At the early 
ages the maximum strength is oiitaincd with the limc-pozzolana ratio 
of about 1 :4 or even slightly larger but at longer ages the optimum ratio 
moves towards mixes of higher lime content and approaches about 
1 :3 to 1 :2 at one year. 

Fcret found for plastic mortars - containing i part (weight) of lime 
& pozzolana to 3 parts graded sand, — the results shown below on 
specimens tested at the age of i year. 


POZZOLANA 

Max. strength in lbs 
per sq. inch. 

Percentage of lime giving 
max. strength. 




Bending 

Compression 

1 

Trass 

550 

1640 

35 

26 

Roman 

504 

1850 

32 

28 
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For a Trass Pozzolana, ground very fine and a burnt Shale Pozzolana, 
the Building Research Station^ have given the following figures of 
mortar-briquettes of dry consistency. 

Vide Annual Report, 1931 . 

Table XLVII!. 


Effect of Pozzolana-Iime ration on strength of mortars:— 


Pozzolana 

Mix. Proportions (sveight) 

Tensile strength lbs. per. in 









Hyd. lime 

Pozzolana 

Std. sand 

7 

■n 

90 

X year 





days 


days. 


Burnt- 

t 

I 

6 

107 

207 

341 

1 

521 

shale. 









I 

’ 2 

1 

9 

'33 

322 

459 

560 


1 

4 

15 

Q03 

371 

5'4 

533 

Trass. 

I 

I j 

6 



448 

482 


I 

2 

9 



428 

500 


1 

4 

» 

i ‘5 

1 



4>5 

437 


In my experiments with hme-surkhi mortars made from well- 
bumt and over-burnt or jhama surkhi, I have arrived at similat 
results. In these experiments I ground the surkhi in the Ball Mill of 
the Gharkhi-Dadri Cement Factory’s Laboratory to a fineness, syhich 
svould pass 170 mesh B S. Sieve and added sand to three times the 
weight of the mix of lime and surkhi From these experiments, I 
found that limc-surkhi mortars, especially fiom over-burnt surkhi when 
ground very finely to cement fineness, gave higher strengths with age. In 
about 3 months, their strength approached that of portland cement 
mortars. (See Experiments No. 1-29). 

Wc thus find that one part of lime combines with 3 to 4 pails 
of jhama-surkhi, ground to cement fineness to produce the best results. 

Referring to "Chemistry of Cement and Concrete’’ by Lea and 
Desch, we. find that the best results were obtained by the combination 
of 1 part of lime with 4 parts of burnt clay ground to cement fineness 
and the free lime practically disappean after 4 weeks. 

( 3 ) HOW TO INCREASE THE STRENGTH OF LIME-SUR- 
KHI MORTARS STILL FURTHER ? 

After carrying out further experiments, I found that the addition 
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of a small percentage of gypsum, say 5 per cent, of the weight of lime 
and surklii, also ground to ectnent fineness gave a mix of lime-surkhi 
and gypsum mortar giving similar strength to that of Portland cement 
in 2 to 3 months’ time. (See Expls. 1-19). 

ADDITION OF CEMENT — Lime-Jhama-Gypsum mix gives us a 
cement which sets comparatively slowly as compared to cement, but 
ivith age assumes similar strengths as portland cement in 2-3 months’ 
time. From Expt. 2g on Portland Cement and Experiments 3 and 4, 
we find the strength of 1 13 briquettes as follows: — 


Age. Expt. 29. - Expt. 3. Expt. 4 . 


3 days 

7 days 

465 lbs. 

498 „ 

92 lbs. 

92 lbs 

^4 >1 

528 „ 

237 .. 

229 „ 

28 „ 

572 „ 

421 

44a 

3 months .. 

585 .. 

895 >. 

824 „ 


Experiment 3 is with i part of lime to 3 parts of jhatna surkhi and 5 
per cent. Gypsum. 

Experiment No. 4 is with i pail of lime to 4 paits ofjhama surkhi 
and'5 per cent. Gypsum. 

We find here that the Lime-Surkhi-Gypsum moitars exceeding port- 
land cement in strength with age of 3 months, but at an early age of i to 2 
weeks, the strengths were much lower. To compensate the initial develop- 
ment of strength, we can add some • cement to the mix of limc-surkhi- 
gypsum and produce a pozzolana cement which will set hard early like 
cement and will develop great strength like portland cement with age. 

4 . What are the Chemical Reactions Involved ? 

When clay is burnt to jhama and is ground ver>' finely to cement 
fineness, the silica which is the main constituent of the clay (roughly 
about 2/3rd of the weight) (sec P. 76 of paper), goes in combination Avith 
lime in presence of water and foims hydrated Mono-Galciiim-Silicatcs 
similar to portland cement (sec P. 79 for the setting of portland cement). 
Alumina, etc., also go in combination with tlic lime. 

5 . Comparison with portland cement : — 

Materials required for portland cement arc : — 

(a) Limestone. 

(b) Clay. 

(c) Gypsum. 

Sometimes a little Latcrite is added to adjust the composition of Alumina 
and iron. 

By burning limestone we get lime; by burning clay to insipient fusion, 
we get jhama; so in Lime Jhama-Gypsum mortar wc arc adding the same 
materials as cement. In case of portland cement, lime goes in combinaion 
with clay at high temperature say, betAveen 1200° to i6oo®G ahd alarge 
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part of lime goes in combination with clay to form Anhydrous Tri-Calcium 
iilicale and anhydrous tn-calcium aluminalc (the majot constituents). On 
adding water tncalctiim silicate is decomposed into hydrated mono-calcium 
silicate & Ca (OH)^ (slaked lime). 

Whereas in case of silica of jhama, lime goes in combination with the 
same in presence of water and forms similar hydrated momo-calcnim 
silicates. 



There is great similniity between portland cement and limc-surkhi- 
gypsum cement. Portland cemimt gets early strength .as shown from the 
curves, svhcrcas lirae-surkhi-gypsum cement gets strength with age. With 
the addition of some cement to this mortar, the drawback of slow hardening 
is also removed. 

That is our Village Cement i.c. a rement, which can be manufactured 
easily at villages, towms. cities, in diflTcrcnt parts of India with the help of 
a Ball Mill. 

(6 & 7)< What is the Action of Jhainn Snrkhi on Portland 
Cement ? 

What is the Action of Lime on Porlnnd Gement-Surkhi Mortar ? 

I have described that in great detail in my ist paper and in this paper 

Jhama surkhi ground to cement fineness, when added to portlnnd 
cement, increases considciably the strength of the same 

We diagonised the reason for this increase in strength. Cement in 
setting liberates a considerable quantity oflimc as ficc slaked lime. That 
was found to be about 1 1 per cent, of the weight of cement. The free lime 
goes in combination with the jhama surkhi and produces Calcium silicate 
and Aluminafe thereby increasing the strength of the mortar. 

Now we can assume that 

(1) One part oflitne goes in combination with 4 parts of surkhi, 
especially of jhama, ground to cement iineness to piodiicc 
strong mortars. 

(2) Cement contains about 1 1 per cent, of free lime when set and 
this percentage is dependent on the lime content of the 
cement. 

Working on the above assumptions, we shall require 11X4^:44 parts of 
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jhama surkhi to combine with 1 1 parts oF free lime in the set cement. 

44 cement 
too jhama 
144 mix. 

In 144 parts of silica cement, we get 100 parts of cement plus 44 parts of 
jhama. So the percentage will be 

144: too; 100: x; or x = iq ox 10 0—70 per cent. say. 

So the best results will be with 70: 30 proportions, and that is supported by 
'actual experimenhl results Sec Expt. in P 85 and my experiments 29-43. 

Now suppose we add more jhama to the cement, that is necessitated 
by the free lime of the cement, say we make a mix — 

Cement — 50 
Jhama — 50, 

Will the addition of lime help in the inercasc of final strength 
of the mortars' ? 


Let us see what of lime will bo required for that. In 50 parts, 
we shall have 50x11/100 — 5.5 parts of free lime. To neutralise 5.5 
parts of lime, we shall require jhama 5.5x4.22 p.irts. So out of 50 parts, 
we shall take 22 parts for increasing the strength of the cement and 
there will be 50-22-28 parts as excess of jhama. 

To increase the strength, we shall require ^tli lime i. c. 28 X }-7 parts 
of lime to be added to the mix of 50:50 and make it — 

Cement — 50 parts 

Jhama— 50 „ 

Lime -7 „ ^ 

Now the question is— will 50:50:7 mix be stronger than 50:50 
mix. Actual Experiments done by me recently had shown tliat with 
age wc get higher strength with 50:50:7^ mix, much more than 
original portland cement. 


Experiments at Dalmlanagar Cement Laboratory on High 

silica cement. 
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Expt. No. ij I is svith portland cement only 

Expr. No. .13 is witli 70 30 proportion and here we find the tensile 
strength as 608 lbs. per sq ineh in the place of 527 lbs. for 
poitland cement. 

Expt. No. 45 with 50 50 proportion. Hcic we find the strength at 
2 months as 530 lbs per sq inch. 

Expt. No. 46 svith 50 50 7 5, we find the tensile strength in 3 days 
only 162 lbs. but in 2 months 4 days— 627 lbs per sq. in 
That IS much higher than portland cement itself 

Thus Expt. No. 46 biings forward a verj’ important matter in eement 
setting and development of strength in Cement Industry. We thus find 
that when thcic is excess of jhama mix in the cement we can add lime to 
make up of the final strength of the cement. Oui assumptions arc 

(1) Cement contains about it pet cent, free lime when it sets. 

(2) Free Kmc goes m combination with hard-buint surkfii 
(preferably o( jliama), when ground to cement fineness in 
presence of water produces strong results in the proportion 
of I 4 by height. 

On these assumptions, we found the best mix of cement jhama as 70:30 
and when sve add lime to the mix wc add also 4 times its weight of jhama 
to the same. 

By this wav, sve can get Perfect Portland Cement in 70 30 mix, 
where all free lime in set cement is practically eliminated. 

High Silica portland eement is also easily manufactured. 

Village Cement is manufactured easily by mix of lime, jhama, 
g)TDsum and cement without going to the process of burning clinkers. 

Now I invite you to discuss the paper. 

( There ms no discussion. Ed. ) . 
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BOAT BRIDGE OVER THE INDUS AT GHAZI GHAT 

BY 

G. 0. Zhanna, B.A., P.S.E., 

Executive Engineer, Multan. 

CHAPTER I. 

The River Indus and importance of Ghazi Ghat Crossing. 

The town of Dem Ghazi Khan is connected with the rest of the Punjab 
' by a road which xmssea through the towns of Multan and MuzalFargarh, 
and crosses the river Indus at Ghazi Ghat. The road is metalled and 
tarred throughout, except for a length of about eight to ten miles in the 
Khadir (bed) of the river. During winter when water is low, and river 
conditions are stable, a boat bridge is jiut up. 'J'liis bridge carries light trafSc, 
permissible under the lules in force. In .'•ummer, however, when the 
river is in flood, its course is changing, and its banks are not well 
defined, the boat bridge cannot bo maintained and is therefore dismantled. 
A steamer xilics in the river, and carries passengers and goods across. 
The steamer has a limited capacity, and makes normally one return trip 
each day. 

After the outbreak of the war, the importance of the crossing at 
Ghazi Ghat increased on account of strategic reasons This crossing was 
a weak link in the chain of communications leading upto Qnetta and 
other toims in Baluchistan. These towns arc connected with 
Dora Ghazi Khan by a fair weather molorable hill road. The Government 
of India, therefore, considered it necessary to take steps to increase the 
capacity of tho Crossing, so that it could cope witli a greater weight and 
volume of traffic. During emergency tho crossing should be capable of 
carrying heavy goods, vehicles, tanks, ambulance.^, etc., without any 
obstruction. 

The River Indus, 

Before giving a detailed description of the work that has been 
carried out in tho past two years to meet the above requirements, it 
would be useful to give a brief description of the inconsistent* behaviour 
of the river in tho neighbourhood of Ghazi Ghat. 

In winter, that is, from tho 15th October to about tho 16th April, 
the water level is practically stationary and the discharge in the river 
varies from 20,000 cusces to about 40,000 cusecs. Tho gaugcf of the 
river at Attock is always below 10. Tho river flows in a steady stream. 


^Gazettcor MuzalEargaTh District, 1008, page G. 

“Tho inconsistoDcy of tho river is notorious, and lias oainod for it tho nioknamo 
of 'Zanjari' ”. It is said that “Tho river is Iiko a prostitute which always keeps on 
changing its bod.” 

j'A gauge is maintained at Attock noai lOiairabad, which gives information 
about the discharge of tho river in advonco. Attock is at a distance of 300 miles, 
upstream, from Ghazi Ghat and water reaches in obout 3 to 4 days. (Soo Chapter IV, 
page IIC). 




92 


PAfliB P-43 


there is no change in its course, and practically no erosion on either bank 
The main stream is constant in width and varies from 2000 feet tc 
2500 feet, which is easy to bridge. The banks on both sides being 
above the winter level of the river, keep dry, and satisfactory approaol 
roads can be maintained. There are a few subsidiary creeks of tht 
river which can be easily bridged. As there are no winds or sane 
storms, conditions are favourable for a boat bridge, which is maintained 
througont tho winter. 

In April the river begins to lise on account of tho molting of snows 
and the discharge increases to about 1,00,000 cuscos. The velocity o 
water m the iiver increases and erosion of banks starts and th( 
approach roads get under water. Winds and sand storms along witl 
the waves which they set up, make conditions unfavourable and tht 
boat bridge is dismantled. 

During summer the discbaigo in the river varies from 1,00,00C 
cusccs to about 6,00,000 cusecs, attaining a maximum of 10,00,000 cusecs 
in abnormal floods The river generally attains its maximum discharge 
during the months of July and August, when its supplies are incrcascc 
on account of monsoon rainfall in tho hills and plains. The water love 
in the river rises b}' about eight feet and tho area adjacent to the rivoi 
gets under water. At tho time of high flood width of the liver incliid 
ing tho creeks is about four to five miles. Tho maximum velocity o' 
water is about 14 feet per second. The gauge at Attock in July anc 
August is always above 30 feet, but in high floods, it may touch tht 
figure of 50 feet. 

Shifting nature of the river. 

As the soil near Ghazi Ghat is sandy and alluvial, tho river flows 
in a sinuous fashion, making meanders every two or throe miles. The 
velocity of tho main stream is generally very high, and m consequence 
scour takes place The scouring on one bank is accompanied by silting 
on the other. When the current is' strong, erosion takes place on the 
banks. The erosion in one locality may continue for months and hundredr 
of acres of land including villages may disappear. Tho nvor has a great 
tendency to form islands and shoals, which makes it difficult for navigation, 

• It may bo of interest to give a brief account of tho dcstiuotiou 
of town of Dei a Ghazi K.han by this river. In 1886 the river began tc 
thieaten the town, whicli had a population of about 20,000. The cost oi 
private property as -well as Government, and semi-Governmont buildings 
including the Cantonment, was about three to four crorcs of lupecs. In 
1888 it was decided by a conference of Railway, Irrigation and Buildings 
and Road Engmeois to build an embankment running parallel to the 
river on tho principle of Bell's Bund This embankment was about one 
milo long, and cost about Rs 6,00,000. About 6 million cubic feet ol 
stone were used m its construotion. 

This emhankment along with subsidiary spurs to strengthen it, 
stood the onslaught of tho river up to about 1900, when the situation was 
dc.scribed as serious. In 1001 Loid Curzon the then Viceroy of India, 
visited Dora Ghazi Rhan, and it wos consequently decided to undertake 
further works for tho protection of tho town. 

*Fun]ab Biverc and Worke by Bellaais. 
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All the ‘Protective’ and , ‘Diversion’ works, winch included bunds, 
diversion outs, floating spurs, hurdle dykes with rows of 40 feet long 
piles, were carried out at an exorbitant cost ; yet the menace to 
the toiin grew more and more serious. By 1908, all these protective 
works had been eroded and the toivn stood unprotected, exposed to the 
fierce attack of the river. During the next two years, erosion continued 
in the town itself, and the whole of it was destroyed in 1910. The 
Bolitarj'^ building which survived the deluge was the District Court 
buildings. After destroying the whole town, the capricious river changed 
its course again, and now flows at a site about throe miles away from the 
old town of Dera Ghazi Khan. 

“*Tho changes in the river ocoilr with such irregularity, that it is 
impossible to forecast them.” During the floods of 1942, foi^ instance, 
the behaviour of the river was very pccuhar. It shifted one mile west- 
wards, at the site of the crossing. Five miles upstream, however, it 
shifted eastwards about thi'co quarters of a mile. The maximum width of 
the river at the time of flood was about five to six miles. 

The above facts will show that it is impossible to train a river like 
the Indus, except at a very exorbitant cost. Patting up a permanent 
bridge is out of the question, especially during the war. The site of the 
boat bridge as well as landing ghats of the steamer, change from year to 
year. In fact the site of the lauding ghats of the Steamer may change 
several times during one season. 


'^Punjab Bivora and Works by BellafiiS. 
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Arrangements for crossing the river in summer. 

A blonmcr starts plying in tho nvor froin about tlio Ifitli Apiil, 
and continues tliioiighoiit the summer, up to about the 15th October. 
Bho can carr3’ a maximum of hundred tons of goods .ind about eighty 
passcngcis, and is driven by 80 Iloise Power steam engines, fed from 
two locomotive typo boilers. She is a stern u licclcr and moves at a 
speed of about 10-12 knots down-sheam and about 4 knots upstream. The 
btcainer can travel fieelj' in water having a depth of 0 feet, but if tho 
depth IS less than 4 feet, she is likelj' to i un aground. 

It takes the steamer six to seven hoiii-, to complete her joninoy 
both waj’s, inoluding loading and niiloadiii!' of pas..cnticia and cargo on 
both tho banlrs. In time-* of abnormal Hoods, tho jouincy may take 
as much as eight to ten hours. 

TJie conditions nooe-fsoi^v to mamfnin an efiieient Boi\icc, which 
onuses least hindrance to pnsscngeis and tiansport of goods, aro now 
described. 

The stcnnici landings or ghats arc at a miniimim distance aport, 
so that tho jouincy of the steamer is ns shoit ns posable. The npiiroach 
roads are built to as to keep above the Hood level, arc rcnsonnhlj’ short, 
and fairly passable. Tho depth of water near tho hank is at least 
four feet, and the velocity of watei is low. Onlj' one or two places can 
bo found to satisfy thc&c conditions, and they nic generally fi to 8 miles 
apart. The length of tho journej' increases, as llio rn er divides itself 
into two or three channels The steamer has to travel a oonsidorahlo 
distance upstream oi downstream to reach the junction of two ohannols. 
Tho stoamcr which starts nt A (see Pig No. 1 ) must travel downstream 
up to point C which is the junction of two streams and tiavcl upstream 
to pomt B on tho o])positc bank. She cannot tiavcl stiaight across on 
account of the high ground in between. 
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To increase the oarrymg cftj)aciiy of tho crossing, two courses 
were open : — 

(1) Purchasing one or two extra steamers. 

(2) Reducing the journey of tho steamer by increasing the number 
of lauding grounds on both tho banks. 

As additional steamers wore difficult to got on account of war, the 
only alternative that was feasible was to increase the number of landings 
by providing additional approach roads. The selection of additional 
landings was no easy matter, as the river was likclj’^ to change its course 
any time and leave the landings high and dry. 

The advice of Engineers of Irrigation Department was sought, and 
they wore of opinion that any work in the bed of the river was of a risky 
natuio, and no guarantee could bo given regarding its permanency. 
Anyhow some work had to bo done and a scheme was worked out. Tho 
scheme, with certain modifications, was finally approved by tho 
Government of India, after tho site had been jointly inspected by tho 
Chief Engineer, Punjab, P. W. D., Buildings and Roads Branch, and the 
Consulting Engineer, Govermuent of India. 

Tho work consisted of : — 

(i) Providing an additional approach road on the East Bank This 

approach road runs in the Noi th West du-cction and serves 
tho landing stage No. 1 (See Plate No. I). 

(ii) Widening tho flood embankment on the Western Bank to 24 

feet width and providing appiuach road to landing stage 
No. IV. 

(iii) Widening and extending Draraan Groyne to serve as apxjroach 
road to landing stage No. III. Brick trackways have boon 
provided over these, as the soil is sandy, and those bunds 
are about 8 feet higher than tho giound level. Tlie old 
approach road on the Eastern Bank to landing stage II, 
which had been functioning for last five or six years was 
also dressed and widened A typical cross section of tho 
bund on the West Bank with its protective covering of grass 
is shown in Plate II. 

The works were completed by May 1942, and the new Eastern 
Approach Road was working in tho summer season. The river was 
receding from landing Stage II, which had been in service for a good 
many years. During tho abnormal floods of 1042, the Draman Groyne 
was scoured away about one mile in length. Similarly the now Eastern 
Approach Road was also scoured away for a length of about three 
quarters of a mile. The approach road however kept on funotioning until 
it was breached The breaches were repaired very soon, and normal 
working was resumed. It may be of interest to know that it AVas on 
account of tho construction of this approach road that journey of the 
steamer was shortened, and the steamer could conveniently do two 
complete return trips every day. When communications to Quetta were 
entirely cut off during the floods, the steamer carried essential goods 
and foodstuffs by doing the extra trip every day. There was no delay in 
transport of supplies at Ghazi Ghat crossing whatever. 
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diameter. It has four notches of ono inch in depth, to receive both the 
trussed and the cross beams, and Wo deep notohes, to receive the stiffening 
beams of such dimensions as to bring the top surface of the trusses and 
of the stiffening beams to a level. Pig. 6, Plato III, shows all details. 

2. Tiv-ssei beams. See kk {Figs. 1, 2, 10, 11, 12, 13 <b 14, Plate III). 

They may be each of a single beam 30 feet long and 7 bj*^ 7 inches 
scantling, oi each may be built of two pieces bolted together by round 
bolts of inch diameter, as shoAvn in the drawings. Each beam runs in 
over the boat 1 foot, and rests on the gunwale piece in n notch 1 inch 
deep. 

3. Stiffening beams. See aa {Figs. 1, 2, 4 <G 5, Plate III). 

These are stout beams of 10 inches by 6 inches scantling placed, as 
sliouni in the Plate, two to each boaf>. Each should, if possible, bo a single 
piece of timber 26 feet 8 inches long, but may be in two pieces scarfed 
together. They are let into the gunwale pieces to such a depth as to bring 
their upper edges and those of the trussed beams to a true even surface. 

4. Gross beams. See hh {Figs. 2, 4 and 5, Plate III). 

These are 7 inches by 7 inches scantling and 13 feet 2 inches long, 
and rest on the gunwale pieces in notches 1 inch deep They merely 
rest on the gunwale pieco.s and are not fastened to them. 

5 Stiffening planks. See cc {Figs. 2, 4 ds 8, Plate III). 

Each plank consists of two jiicccs Ono main piece 14 feet long and 
12 inches by 3 inches .scantling, and a minor piece (spiked to it as shown 
111 Pig. 4) 12 feet long, 8 inches wide, and of such depth as to compensate 
for the difference in thickness between the trussed beams and the stiffening 
beams {l:k and aa) which in the Plato is 3 inches. They aie iilaced, as 
shown in the plate, near the ends of the stiffening beams, and in every 
case immediately under a roadway plank Eacli stiffening plank is tightly 
lashed at each end to the roadway plank immediately above it, by means 
of a chain so as to allow no play whatever. 

6. A stiffening chain. 

This 18 shown in detail m Pigs, 6, 7 and 8 (ce) and as regards its 
general application, in Pigs. 1, 2 and 3. Such a chain is passed round 
each projecting end of every stiffening plank, and of tho roadway plank 
immediately over it, the hook with wliicli it is provided at ono end is passed 
into the nearest link, and every tiling is then lirought home by the use of 
a rough ivcdgc, hh. The centre of each chain i.s secured to the under 
part of the stiffening plank by a stout staple {Fig. No. 8) which passes 
entirely through tho plank and is clenched on tho upper side. Tho object 
is to prevent the chain from being lost in tho confusion which often attends 
the dismantling of a bridge in a hurry, and often m the dark and in heavy 
Aveathor. 

7. Rough wedges. See hh {Figs. 1, 3 and 4, Plate III). 

These may bo about 18 inches long. Their use is obvious. 
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8, Ordinary roadway plants. See dd {Figs. J, 4, 5 and D, Plate 111). 

These are 14 feet long, 3 inches thick, and as ncarl 3 ’ 12 inches wide, 
as maj' be practicable. The width for G inches at each end is to he reduced 
by 3 inches, as shown in Fig. 9 Each plank is to be furnished with two 
bard cleats 3 inches by 2 inches seouiely spiked on. See figure 9. 

9. Railing planks. See ff {Fig 15, Plate III). 

Each plank is from 17 to 17-^ feet long, and Ihcj' may be placed at 
any convenient distance apart The iniling bars maj’ be bullies of about 
6 inches diameter, supported on threc^nails of H inches diameter of haid 
dry wood. 

Small load carrying capacity of this bridge* 

The boats arc in cquilibiium, and sta^' in thcii neutral position, 
n hen there is dead load on the bridge The queen post trussed beams 
rest on the gunwale of boats, and live load on a span adjacent to the 
boat, produces eccentric loading on it. The boat not only sinks, but also 
tilts considerably Its capacitj* for taking heavy loads is reduced on 
account of this tilting. The roadway rise-, or sinks with the rising and 
sinking of the boats and makes tiavellmu ovci the bridge uncomfortable. 
Even though the total buoyancy of each boat is about 48 tons, the live 
load allowed on the bridge, was restricted to 2^ tons at .a speed of 6 luilcs 
an hour. 

Advantage of stiffening planks, beams, chains 

The stiffening planks and beams are connected by a chain to cacli 
other, and to queen post fru«'ed beams of adjacent span. Thej' stiffen 
the superstructure of the adjacent spans, and help to reduce the up and 
down movement when lire load is on the bridge The .stiffening beams 
allow no play sidcuaa's to queen post trusses and thcrefoic strengthen 
the bridge in the longitudinal direction also When the cunent i* oblique, 
the thm.>t on each bo.at is tideway-*, and beams help to prevent anj’ 
movement of the boat 

Details of experimeuts for the development of the new type boat bridge 

As the old type boat bridge could not cope with be.ivj* traffic, 
alternative dcoigns of bridges to carrj' heavier load* were ronsidered. 
In the first instance rough designs of an entirely new bridge to carry loads 
up to I R.G. Standard loading, or 12 ton load were prepared, and it was 
estimated that the cost of the biidge would he about Rs, 180/- per foot 
run Rough design of steel pontoon*, cement concrete boats, timber boat* 
etc. were aU considered, but were discarded, as the materials for tlicse were 
eslrcmely scarce. It was decided to make use of the existing equipment 
as far as possible, and work out such an arrangement which could take 
heavier loads As existing members of superstructure could take a load 
upto 8 tons only, it was decided to allow 7 tons vehicles over 
the boat bridge It wa.s estimated that percentage of vehicles heavier 
than 7 tons would be very small, and these could be ferried acioss in the 
steamer or a large number of barges. 
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Experiments TPcre, therefore, carried out with the existing cguip- 
menb and boats Different arrangements of boats and superstrdctTlre 
were made, to determine the etability and load bcanng capacity of diffe- 
rent types of boat bridges. The experiments were made ■\\dth a single 
boat, and with a pair of boats which were rigidly connected fbgetlier. 
The first set of observation was taken when the boats wore free, and th6 
second sot when they were fixed in a boat bridge, and connected Avith 
each other at varying distances by members of the superstructure. 

First set of Experiments^ 

(a) Single boat. 

Total buoyancy of each boat as calculated . . =48 tons. 

Weight of boat . . . . ..=0.0 tons. 

Displacement of boat in water, without any load 

on boat (a) Fig. 3 . . . . == 10 inches. 



Displacement of boat Avith a weight of 6 tons 

over it equal to iveight of supen^truoture. . . =1 foot 6 inches. 

Displacement of boat with a weiglit of about 
8 tons equal to live load . . ..= 2 feet 0 inches. 

Thus AA'ith a total dead and live load of about 20 tons on a boat 
centrally loaded, free-board would bo 2 feet G inches. The 
buoyancy of a boat at various depths as determined tlieoretically 
is shoAVii in form of a graph in Plate V. 

Angular tilt of deflection of a single boat. 

The boat was loaded centrally u'ith a load of 6 tons equal to tho 
Aveight of superstructure on it. The neutral position of the boat Ai'as marked 
with a plumb bob P. on tho central prop, A load of J ton was placed at A, 
and then at B. Deflection of boat on each side of the neutral position was 
4.6 degrees. 

Again a load of 1 ton was placed at A and then at B. Deflection of 
boat on each side of tho neutral position was approximately 10 degrees. 
The experiment proved tho very unsatisfactory behaviour of a single boat, 
when the loading is not central, i.o., is on gunivales. 

(6) A pair of boats Avas rigidly connected together. Tho buoyancy of a 
pair Avould bo twice that of a single boat, and therefore Avas not determined 
experimentally. 
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The angle of tilt with J ton load at A or JB (See Fig. No. 5) wag 
imperceptible, and with 1 ton at .d or .S was only 1 degree This showed 
the inherent advantage of a pair of boats if the loading is not central 

Second set of Experiments : JVtlh boats fixed in various positions in a 
bridge of boats. 

Staves were fixed on each side of tho boat, on which neutral position 
of tho boat was marked with pencil as shown in Fig No. (6). 
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The motor vehicle was made to tiavel over the bridge, .md when its 
load came over tho boat, it rose or fell from its noi mal position Tho 
extreme positions were marked on the staves, and measuicd later on. 
Similarly the angular tilt was measured by a plumb bob fixed to a prop in 
the centie of the boat. The movement of boat consisted of two distinct 
movements, (a) angular tilt, and (b) veitical displacement on account of 
direct load. 

ZAve load. A 7.ton truck Antli a gioss load ot S 6 tons including its 
own weight was> first passed very slowly over tho budge, and was made 
to stop over each boat or pan of boats Readings were taken in all tho 
boats After that the truck was made to travel at a speed of 3 to 4 miles 
an hour, -without stoppmg, and readmgs ivero again talien. The second sot 
of readings wore about 10 per cent higher than the first set. Tins shows 
that impact factor of 16 per cent a&guined in design calcuLations is on the 
safe side See Appendix I, Page 12G Foi oompaiison, readings weio 
also taken on t.he existing boat budge, with an empty passenger lorry 
Aveighmg tons These readings gave performance of the existmg bridge 
and it was desired that the new bridge should not bo worse than this 

The various sets of observation foi this load aie given in Plate VI. 

Plates VII, VIII and IX .show the different arrangements of boats 
and trusses that were tried, and various sets of leadmgs are recorded 
on each. 

Plato VII shows twin boats with Gunwale Loading. This arrange- 
ment is not satisfactory as list is high When the fully loaded truck 
passed over the bridge, the superstiuctuic formed a distorted sine curve, 
and there was considerable creaking noise which gave feelmgs of uneasiness 
Its chief advantage is economy in cost as Well as ease in dismantlmg the 
bridge. In this typo of bridge, at time of dismantling tho roadway, planks 
over trussed beams are removed only, and tho roadway planks over the 
boats aro left, .so that boatmen can walk about easily. The trasses, 
stiffenmg beams etc can easily be handled and placed on the boats Tho 
arrangements, shown in Plates VJII and IX, have this drawback, that 
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bridge cannot be dismantled easily. For these arrangements, greater 
time mxist be allowed for dismantling and a large number of crew must 
bo employed. 

. Plate VIII shows twin boats with load in the ccnti’c of each boat. 
This aiTangement is more satisfacio)}' than that sliown in Plate VII. 
The clear water waj' is only 40 percent in this case. It is more 
expensive than arrangements shown in Plate IX. 


Single boat centrally loaded. Plate IX. 

In this case the load is at the centic of each boat; therefore angular 
movement is more or less eliminated, and the boat sinlcs gradually when 
the load comes over it The clear water way is about 60 percent. 
At time of heavy -wind stoi m, it will offer greater obstruction than the 
old Gunwale Type bridge. The supei.structmc of the bridge is also 
raised by about 1 foot 6 inches, and may seem top heavy. 

With this ariangement all the old members of superstructure, 
that 18 , planks, beams, etc. can be used. As the tilting of boats is very 
much leas, wear and tear of members of superstructure especially 
planks is considerably reduced. The uvraugemont shown in Plate IX was 
finally appioved. 


Determination of stability of a boat from theoretical considerations. 

The experiments carried out above showed that the boats were safe 
under dead and live loads, and would return to their normal position when 
live load was removed. From theoretical consideration it can be proved 
that these boats are in stable equilibrium under loads which are likely 
to come on the boat biidge. It was determined experimentaUy 
(Plate TX) that under live load, maximum tilt was 1 degree and 10 minutes. 
The minimum free board was 2 feet 7 inches. 



Fig. 7 shows a boat in its neutral position. The boat is kept 
in equilibrium by two forces which arc acting on it, that is, its weight 
which is acting vertically downwards through its centre of gravity (7, 
and water pressure acting vertically upwards through the centre of 
pressure P of the displaced volume of water. Both the weight and 
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waler pressure arc acting in the same line A B, and therefore balance each 
other 


Fig. 8 shows a bocit ivhieh has tilted from its neutial position. 
The centre of pi cssuic has shifted to new position P'. If a vertical line 
18 dinwn through P' to meet A' B' at M, the point Jff is called the 
meta-cenbe. If iLT is above G', the equilibrium is stable, and the boat 
wUl return to its neutial position; if ^ coincides with G', the equilibrium 
IS indifferent, if below C it is unstable 

Fig 1 on Plate X ha.s been drawn to determme the stability 
of a boat, having a free boaid of 2 feet 6 inches and an angular tilt of 
10 dcgi ces, with a live load of 8 tons, and tlicse adverse conditions cannot 
be expected in the boat budge Even in this case the mcta-ccntro M is 
above O' and the boat is in stable equilibrium. 

Pig 2 has been drawn to detcimiiio tlic stability of the boat 
uhen free boaid is only 1 foot 6 inches, and angular tilt about 10 degrees. 
The total dead aud live load on the boot will be aliout 30 tons Even 
with fhis load which is heaviei tlinn I.R C Standard loading, the boat 
IS in st.able equilibrium. 

New Type Boat Bridge. 

The dchiila of sticnglhencd boat bridge are very simple and are 
fLowii in Plato XI As far as possible the existing equipment, that is, 
roadway planks, trussed beams, boats, etc , have been used. 

The boats aie at 29 feet centres, and are fixed in their position by 
means of anchors Each of these boats cairics 6 Nos saddle beams of 
deodar wood, size 13 feet long and 10 inohet. by 10 mchos in section. 
The beams aie placed 2 feet centres in notched Gunwale pieces, ]ust over 
the ribs of the boats, so that loading fiom these beams is transmitted 
to the libs 

A long beam L (Fig 0) which is 14 feet long and 8 inches by 8 inches 
in seetion, is placed cenlrallv over these benm.s and carries trussed beams 
Wooden pieces arc fitted ui the saddle beams, so as to prevent the move- 
ment of the long beam, 7 Nos trussed beams aie placed over the long 
beam at 2 feet intcivals Each tru-.scd beam is placed in the centre of 
two saddle beams, so that tic rods do not touch any part of boat, or 
superstriinture ,See Pig (2), Plato XI. 
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The relative positions of saddle beams and tmssed beams are .shown 
in Fig. 9. It was found by calculations that the old 
typo queen post trasses were not sufficientlj’^ strong to take up the heavier 
7 ton loriy load. As these could nob be entirely discaidcd these 
beams have been used at the two ends and the middle, that is, positions 
No. (1), (4) and (7) while at positions (2), (3), (6) and (6) new king post 
trussed beams of heavier section liaro been used (Pig. 9). Wooden pieces of 
timbei have been placed below the beams Nos. (I), (4) and (7), so that 
the top height of these is the .same to give even bearing to planks. The 
loading on tlic outer beams as well as central beams, that is, Nos. (1), (4) 
and (7) will be approximately half and tbo.y will be safe. The lieavy 
vehicle loads will he travelhng over king po.st tmssed beams only, as the 
width of roadway is restricted. 


King Post Trussed Beams. 

The details of the king post trussed beams arc shown in Plate XII. 
Its top compression member is 7 mches by 10 inohe.s in section, which is 
heavier than that of the queen post trussed beam. The tie rod i-s, liowever, 
of inches diameter, as against tie rod of H inches diameter in queen 
post truss. The king post truss is heaviei in weight and very unwieldy 
to hft and carry. The old queen post trussed beams will he gradually 
replaced by king post trussed lieanis when materials aie ea.sily available. 


The roadway planl^s and railing planks arc of the same .size and 
shape as in old type bridge and are placed in the same manner. The span 
of these planlcs lias, however, been reduced to 2 feet only. No stiffening 
planks or beams arc u.«!ed in this bridge as f.liey are unnecessary. Long 
stifFonmg beams which were available from i.hc old bridge are, however, 
used to connect the boats together as shown in Fig. 10. 


A 

A 

A 


1 
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These beams arc connected by chain.s fixed to the gunwales of each 
boat. When the euircnt of water is slightly oblique, they prevent the 
movement of boats sideways. 

Design of New Type of Boat Bridge. 

The design calculations are straightforward and easy niid arc given 
in Appendix I, pages 126 to 139. When fraraingtlio estimate the tiusscd beam 
was designed as a queen po.st truss in the pattern of the existing truss. A 
queen post tiuss is not suitable for unequal heavy load, as a cone,ontrated 
load on one post produces lieaw^’’ negative bonding movement at the 
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other post When thcic i& load at P, and no load at Q, heavy, negative 
bending movement is set up at Q See Pig 11. 
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Tlie magnitude of this bending moment is maximum for all positions 
of tlie load Some of 'these beams were tested to destruction and the 
results of tesis are given in Appendix IV, page 148. 

Sal longitudinals and king post trussed beams were designed; finally 
kmg post trussed beams were adopted as these were most economical. 
The king post truss is very much cheaper than the queen post truss as 
the sectional area of the tie lod is half that in a queen post truss The 
total saving by adopting tins design at Gluizi Ghat was about Rs. 10,000/- 
The breakmg strengtli of these beams is given in Appendix IV (page 149). 

Design of boat. 

The stnioture of the boat is quite safe for lieaviei loads It was. 
however, found by calculations that when water gets low and a boat 
rests on the ground unevenly, the nbs of boats are unbafe TJie central 
10 libs have therefore been strengthened by adding another rib by the 
aide of the old one In the new boats, size of the ribs in the centre of the 
boat has been increased from G inches by 3 inclies to 7 inches by 4 inches. 
It is, however, necessar}* for the boatmen to see that a boat is surrounded 
on all sides by a pwJita of sand about 1 foot thick, and bearing of boats 
is even, and covers a large area. 


Design of a boat in parts. 

Each of the boats is 6 tons in weight, 48 feet long and 12 feet wide. 
On account of the unwieldy size, the transport of a boat from one place 
to another IS very difficult. Some of these boats were to be transported 
fioro Chichawatm to Ghazi Ghat, when the work of remodcllmg the 
bridge was started. The matter was referred to the railway authorities, 
who could not help, as their biggest wagons were unable to carry this 
load. Transport along the course of river is impossible, as rivers in the 
Punjab are interspersed with weirs and barrages required for Jrngation. 
There are no lock gates and it is both difficult and dangerous to cross a 
boat through the weir. 


A design of a boat whioh can bo separated into four parts _ is shown 
in Plate No XIII. A boat has been built of this typo and is working 
satisfactorily. Each of the parts is about li tons in woight and «an be 
easily transported on road or by rail. At t.me of 
and equipment lying at one place can be easily transported to another 
place wAout muoff loss of time Another advantage of this type of 
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(1) A boot winch can bo ooparatod into four ports for facility of 
transport. The Bides planks being (ixod to the boat. 
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boat is tliat wastage of wood used in the construction of hoat is less. 
Gunwales are straight and not bent as in original design. The sides are 
also in separate planes. 

Design of anchors. 

Each boat is held m position by anchors on upstream and downstream 
sides. The details of anchor ropes, anohor blocks, quantity of stone in 
anchor blocks etc, arc given in Chapter IV. Calculations for water 
pressure on boats, and ivind pressure on the superstructure, and total load 
that comes on each anchor are given m Appendix I. These aie based 
on constants given in l.E.C. Bridge Specifications. The total pull on eanh 
anchor works out to about 3 tons. The breaking strain on 6 T. Wire 
anchors having six strands of wire No S is also about 3 tons. The munj-han 
anchors have been tested in the laboratories attached to Eiiginceriiig 
College at Moghulpura, and Engineering School at Basul The breaking 
strength of munj-han anchors, 2’. inches in diameter is about 1 to 1^ tons. 
Two anebora are used on the upstream aide in swift water and have been 
found always safe. It seems that constants assumed for wind and water 
pressure are high. As the boat bridge is dismantled m April, the velocity 
of water and winds do not touch theii peak values, and therefore the pull 
on anchor ropes is well below the maximum. 

Chain or Wire Rope Cable. 

Two cables are fixed on the upstream and downstream bide of the 
boat bridge, and their details are given in Clinpter IV. Detailed 
calculations for these arc given in Appendix T. Alexander Tnyloi suggests 
that the shape of the cable should be in the form of a catenary with a 
deficctioii of l/8th of the span at the centre. The cable of the boat bridge 
at Gliazi Ghat has never been built in this sha])e, and is alway.s straight 
The enblc.s are therefore straight fiom one banli to the other. The cables 
stiiTcn the bridge, and come into play when an anchor gets loose Tension 
in the chain will depend upon the deflcetion that occurs when the anclior 
IS biokcn. 
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IVnsion in the cliain is determined by formula : — 

2 r Cos « = TT' Or T 

2 Cos a 

T, a and W are shown in Fig. (12) In order that value of T 
should bo small, a should be small or deflection should he maximum. 
Fi'om the calculations it seems desirable to have a chain which is loose, 
rather than one which is tight. The boats should bo connooted to the 
chains, so that they can slide At present caoli boat is connected to the 
chain, and no movement betwcon the boat and the chain is possible. The 
calculations will also show that the chain as used is unsafe for loads that 
arc likely to come on it. Opinion of tho momberB of the Congress are 
invited on tho calculations that have hcon made, and on tho exact 
function of the chain. 
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CHAPTER JV 

Maintenance of Boat Bridge including details of erection and dismantling. 

It has been explained before that during summer floods, tho river 
changes its course considerably. Tho boat bridge cannot be erected at tho 
same plare every year on account of changes in the livor A now slto has 
to be selected every year and the following points govern the selection of 
site : — 

(1) The liver should be naiiow, and should flow in a steady stream 
parallel to tho banks 

(2) The banlrs on both sides should be suflioienlly high so that 

approach roads arc always above tho winter level of the 
river, and keep dry throughout tho season. 

(3) Tho soil on both banks should bo leasonabiy iitird, so that 
anchois for cables are fixed firmly and appioaclics are easy 
to maintain. 

(4) As far as possible there should ho no eiosion on cithei of the 
two banks. 

(6) The site should be such that central line of the boat bridge is 
kept at right angles to tho flow of nver Tho flow of current 
should be parallel to the longitudinal axis of tho boats, so 
that thrust due to water pressure is even on each boat This 
is, however, difficult to achieve, as at some place or the other, 
the ouirent is slightly oblique, resulting in lateral thrust on 
boats. 

Tools, Plant and Stores. 

Befoie starting erection, the following ai tides should be collected 

(a) Stone boulders, and trangars made of niunj-han or wire netting 
for anchors. 

(b) Munj-ban or G I wire lopes for anchors. 

(c) Cables or chains required at upstream and downsticain sides 

of the boat bridge, with proper means for anchorage. 

(d) A few poi table steel anchors, for anchotmg feny boats, and 
bridge boats near the banks A few bamboo polos for 
steeling tho boats, oakum for caulking the joints, buckets for 
baling out water and a lod ivith a hook for catchmg upstream 
anchor ropes leleascd by front anchor boat Lamps and 
torches for watch and ward at night. 

(e) Three or four boats of coiintiy type ivith oais for going from 

one place to another, dropping anchors, etc. 

(f) Manila rope having a length of 600 feet or so, foi anchoring one 

ferry boat, on the upstream side of the boat bridge. 

(g) Motor Launch for bringing tho boats into then proper position 

on tho bridge. Without the use of motor launch, especially 


Paper F-43 


107 


in swift water, it is difficult to bring individual boats into 
proper position. 

(h) A few carts or camels for carriage of boat bridge equipment 
like planks, beams, trestles etc. which cannot be brought in 
boats. 

(i) First Aid Box with medicine chest. The work is very rough 

as heavy beams, and planks have to be lifted and therefore 
some boatmen are likely to get injured. 

Determination of Span, etc. 

The central line of the boat bridge is marked on both the banks and 
the span of the boat bridge is determined by triangulation. This is 
necessary so as to know the number of boats required m the boat bridge. 
The boats which are loaded with equipment for superstructure are now 
brought out into the main river from a creek, where they have been kept 
during summer. It is much easier to tran.sport unwieldy beams and 
planks by means of boats rather than by carts or loiiies, especially as the 
roads are slushy and soft at this time The boats are floated downstream 
or towed upstream until they are brought to the mam river. They are 
kept moored to the bank where current is slow, until required. 

Each boat is loaded with requisite number of beams, and planks 
required for one span of the superstructure The saddle beams and long 
beams are in proper position on the boat. The trussed beams are, 
however, placed upside down Five of the trussed beams are placed on 
the long beam and the remaining two along with planks at the two ends 
of the boat, so that boat is evenly loaded. Another advantage of having 
two long beams at the end is, that it leaves greater room for boatmen to 
work, when the boat is being shifted. With all the seven beams m posi- 
tion, there is always some congestion. 

Bank From Which Erection Should Proceed 

As mentioned above, the current is generally oblique and the bank 
where it hits is selected for starting the erection of the boat bridge. The 
erection will he started from end A (See Fig. No. 13). 
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During erection the first boat is brought close to the bank ‘A’ and 
is then pushed out to its proper position The tendency of the current 
is to prevent the boat going too far, when it is pushed from the bank. 
If the boat were to be pushed the other way, its motion will be helped 
by the force of the current, and it may go too far and be out of control. 
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In the httine nmniiuL other boats are pushed against the eiirient, wliieh 
retards the movciucnt of each boat . 

Details of End spans. 

In the Hrat .span the beams carrying the siipci sti ucturo aio aupported 
on one side on the fiist boat and on the other side on the bank The bank 
IS pioperly dressed to pi ovide oven bearing place for tho beams If the 
level of the linnkb IS too Ion ns compared to I lie level of the loadway in 
the budge, a tiestlc is placed at tins end. The iilan of a typical trestle 
is given in Plato No XIV. If the differeneo in level is not loo much, 
then either a Iieain, oi alaigc nninbci of loidii'ay pl.inks eonneoted 
touothcr ai e used to serve ns lie.iring plates for trussed beams. Thcso 
])lanks or beams are placed about three oi four feet away fiom the bank, 
so as to be safe fiom erosion. 

Erection 

Two ferry boats n Inch arc used to di op the anchors iipslrcim and 
downslieam tides of the bridge are brought into the niam river and 
anchored to tho liank fiom wliero the eicetion i-. to piocoed The fenv 
boat F 1 for upstream aide, lias an nnclioi rope *400-51)0 feet long and is 
anchored nlioiit 500 feet niisticam of the boat Inidge, (See Plato XIII A). 
Tina boat it kept, about 100-120 feet away from tlie bo it bridge, and can 
ho manmnvrcd to any position by increasing oi deeten-inc tlie length of 
its anchoi lope Tins anchoi rope la wound on a capstan fitted into this 
boat, and by Minding or nnwindnu this rope, its length < an bo decre.ased 
or incicasod This boat is kept loaded with stone boulders, tiangars (nets) 
foi stone li'iulders, and nnchoi lopc^ It isliruuglit into the contie line of 
the poiition of the first boat in the bridge, at a distance of 100 feet 
upsticain A Irangai IS tilled with 20-25 t nine feet of stone, is tied with 
an anchor rope of 100 feel length and is diopped into the liiei. 

Tho fiI^t boat is bi ought close to the bank, and its position is shown 
dotted in Plate No XU I A The nnelioi i ope of tins boat is floated down 
fiom the ferry boat, and lifted by lioiitineii standing on this boat Tins 
rope is given a turn lound the bow or end beam ol the lioat, and is held 
at its other end by one oi two men on tlio boat The bo.at is thus undei 
contiol when it is juished out to its normal position in the budge 

Tlierc arc about 10 to 12 men on the bunt and about 10 to 12 men 
on tiic bank These men lift the Inis-cd beams and aluft them slightly so 
that they aie -siippoi ted at one end on the bank The men on the b.ank 
hold thc.eo beams fiinih’. and the men in the boat raii-e them a few inches 
These men push against llie'C beams, and boat starts moving The men 
m the boat keep these benm** sliding until the boat eonies to its piopei 
position TIic anchor I opo IS then tieil and the position of the boat is 
fixed. The trussed beams Mhieh were upside down nic turned over and 
biought to hoar on the long be.am The two beams lying at the t«o ends 
of the boat are also jilaeed at then pioper iiosilion and roadw.ay ])lanks 
aic Laid over thcso Tlir* sniieisitruclure is stiffened and boat men can 
walk ovei 

Tiic ferry boat F. 1 lias shifted in tho ineaiiM bile to the position of 
the seeoiid boat and has diopped down the anchor for this boat. The 
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second boat is brought adjacent to the first boat by the motor launch, and 
is given its anchor rope which comes floating down from the ferry boat as 
before. The trussed beams are slightly raised by the boatmen on both 
the boats and jmshed as before until the boat comes into its proper 
position, "when the anchor rope is tied. These beams are then turned over 
and planhs arc placed in {losition. 

The third boat is brought in position adjacent to second and 
erection continued in a similar manner. 

The ferry boat F.2 is working on the downstream sido, and is drop- 
ping anchors. This boat is, however, manoeuvred into position by towing 
along the boat bridge which is being erected. 

During erection stiffening beams whicli are about 27 feet long and 10 
inches by 4 inches m section arc bolted or chained to the gunwales of 
boats at their ends, so that the adjacent boats foim a rigid frame and 
cannot be displaced from their true position Tlie exact function of these 
has been explained in Chapter III (see Fig. 10, Page 101). If a boat does 
not come in the ceiiti e lino of the boat bridge during erection, it can be 
brought to its true position by releasing or tightening the upstream or 
doivnstrcam anchors. If the boat ha.s to be moved upstream, the 
downstream anchor is released and the upstream anchor is tightened and 
the boat moves upstream. When all the boats have come in position and 
roadway planks laid as described above the railings of the bridge are 
completed. The roadway planks arc covered with 2 inches thick sarkanda 
grass which is kept well watered. 

Cables. 

In addition to the anchors, the whole bridge is held in position by 
two cables, one of which is fastened on the upstream side and the second 
on the downstream sido to the end beams, or bows of the boat. These 
cables cither consist of inch iron chains, or wire rope about 4 inches 
girth. Each of these cables is passed through two steel flats which are 
about 2 inches apart, and arc fixed to tho end beams at both ends of the 
boat There is a hole in these flats, and a bolt passes tlirough the flats as 
well ns a link in the chain, and thus connects each boat with tho chain as 
shown in Fig. 14. 

Alternatively it is tied by means of G.I. wire or munj-ban strings to 
the bow of the boat. These cables run throughout the length of tho 
bridge and are flrmly anchored on both sides. 



The ends of the cables aro tied round a sleeper, which is placed in a pit 
about 8 feet long and 8 feet by 6 feet in section (depth depends upon the 
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level of subsoil water) The Bleeper i? tied down by wooden spikes fixed 
to the ground In addition it is loaded with stone boulders in wire crates 
as shown in Plato No. XV. 

It takes about a -week to complete the erection of boat bridge. In 
swift water the progress of erection is about 200-250 feet, while in slow 
water about 300-400 feet of bridge can bo built in one daj'. A total of 
about 130-150 men is cmiilosed on election, and the distribution is as 
belou • — 

20-30 men m bringing boats from creeks in the iiverto the bank 
where water is slow. 

10-15 men keeping uatch over boats whirh are kept anchored near 
this bank, until required in the boat budge, 

10-15 men help to feed the motor launch uith boots, uhicli brings 
them to position on ilie boat bridge. 

20 men in the boat uhieli is being pushed out into its proper 
position Thc'io men liiindle the tinsocd beams, as well ns manipulate 
the anchois 

14 men in the boat adjacent to the boat wliieb is being puslied out 
These men hold the trussed licams at llic other end 

10-15 men looking after the boats which have eomc m position in 
the mam budge. Those men caulk joint'., obserre leaks and lielp in other 
odd jobs 

15 men laying loadw'ny plank-, railing etc. 

8 men on anohoi boat working upstream and chopping anclioiB. 

8 men on anolior boat working downstream and dioppmg anchois 

10 men in a fciry boat feeding the uijstieam and downstream ferry 
boats with Btouc.<, anchor ropes etc 

10 men rc-ervo foi odd jobs, who also wntoh the centre lino of the 
budge 

Bridge over creeks 

riicrc aro several crocks of the iivcr whicli have to bo crossed. 

bmnllcr boat bridges, consisting of a few’cr number of boats, aro put over 

boat's ^ ^ IS less, then trestles are used m place of 

A typical trestle bridge is shown in Plate No. XVI. 

^ number of trestles of varying heights arc kept in the godown 
and arc used w'hon required. =» ® i b 


Difficulties in Erection of Boat Bridge. 

the mechanical devices avoilablc these days, the method 
toanl«d.bo™for,r=ot.o„ o£ boat bridge teems piSVo Ld ofi. 
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fashioned. It is veiy laborious, and causes considerable delay and 
anxiety dui'ing the construction of the bridge. The handling of trussed 
beams is very dificult, as boatmen who manipulate these, are insecurely 
perched on the saddle beams. The process could bo very much simplified 
if a few more motor launches were available. One motor launch or barge 
could be fitted with a crane to handle the trussed beams, and the erection 
of boat bridge could be completed within one or two days As the 
machinery is extremely scarce, new devices for simplifying erection will be 
considered after the war. 

Approach roads. 

The construction and dressing of approach roads in the river bed 
starts about a fortnight in advance of the construction of the boat bridge 
The ah'gnment is straight, and as far as possible, is chosen through tiie 
firm and dry bed of the river. About four inches thick sarkanda grass is 
spread over the road, after it ha.s been graded and dressed. Where the 
soil is sandy, rolls of wire netting are spread. It has been found by 
experience that if sarkanda is laid at bottom and top of the wire netting, 
the riding qualit3' of the surface improves considerably, and maintenance 
is also reduced. In addition the life of wire netting is increased as wear 
is less. Sarkanda grass is available in plenty on both banks of the river, 
and is transported to the site by camels, boats, etc. 

Maintenance of the Boat Bridge. 

The Ferry Superintendent is in command of the ferry steamer and 
the boat bridge, and is under the administrative control of the Executive 
Engineer. The Ferry Superintendent lives in a house boat which is 
moored to a site near the boat bridge. 

The darogha or an overseer is incharge of the boat bridge, and works 
under the direction of the Ferry Superintendent. The darogha lives at 
the site of the boat bridge so as to be easily available at time of need. 
He is assisted bj' a Jamadar, w'ho is the head of all the boatmen The 
boatmen are divided into groups of ten, and each group is controlled by a 
daffadar or a mate. 

The boatmen employed on the bridge must be of strong constitution 
and robust build, so that they can withstand the inclemencies of weather. 
They must he good swimmers and the Ferry Superintendent is expected 
to take a swimming test before employing them. 

One man is generally allowed per boat, who looks after the boat, 
as well as the superstructure. It is his duty to bale out any water which 
may come through the joints inside the boat, caulk the joints, examine 
the anchor ropes, and cables, and also look after the beams, planks etc. on 
the superstructure. He also maintains his own section of the roadway', 
keeps it well covered with sarkanda grass, and occasionally waters it. It 
is found that the roadway jjilanks which are kept moist, have a bettor life 
than the planks which are dry. The inside of boats is also kept wet, as 
moist timber expands and closes all pints and cracks. 

When a boat runs aground on account of low water, the boatmen 
should see that the boat rests evenly on ground, and has a large hearing 
area, so that stresses on boat struoture are reduced to a minimum . 
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Daring normal season, these men ni o more or less free, and a few 
of them arc sent to the jungle to bring sarkanda grass, inciiiitain approaoli 
roads and cany out other misceUancous jobs At the time of flood or 
storm, each man comes to his post, and keeps guard ovei his section 
Day and night watch has to be kept, until the flood is over. 

It often happens that ciosion stalls on one of the banks and theiefore 
boat bridge has to be lengthened Two or thice boats loaded with planks, 
beams etc for superatruotuie are always kept anchoied to this bank. As 
soon as eiosion starts, the beams and planks of the first span arc removed 
and a boat is brought m position This is anchored like other boats 
creating an additional span The beams and planks are placed to form 
Buperstiuctuio and roadway. It often happens that the erosion is not 
sufScient to create the ncccssit 3 ’ of one moie span In that case the boat 
is brought close to the first boat and anchored The span between the 
fiist boat and tbe new boat is spanned by shorter wooden beams and not 
by trussed beams 

Foi (ho boat bridge at Ghazi Ghat, a contingent of aluiit lOd boat- 
men IB sanctioned, who look after the boat budge ns well as the surplus 
tools and plant kept in the river or creeks 

Caulking the joints. 

The joints in the boat very often start leaking, and therefore have 
to be caulked immediately Oakum which consists of hessian, or jute fibic 
soaked with crude oil, is used foi tJie purpose Oidin.ar 3 ' cotton can bo 
used foi the same purpose, and is gencrallj' used b_v local boatmen who 
ply country boats A small chiicl made of i inch diametci lod, with 
one end flattened out to a shaip edge, is used foi caulking oakum oi cotton 
into the joint, (See Fig. 15). 

t>===3 
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The joint is cleaned bj' mo^^ng the chisel m it, so that all lubbish, 
dust, etc , come out of it. Oakum thread about 1/lG inch thick is laid 
ovci the joints, and pressed in bj’ the chisel. This is fui thci tightened 
by giving the ohisol light blows with a wooden mallet. More oakum is 
added u'hcrc needed, until the joint is absolutely water-tight. At time 
of emergency, when a joint cannot be caulked bj’ oakum, it is closed by 
putting A laige quantity of earth mixed with claj\ This is bad practice, 
but has often to be icsorted to. 

Haling out water. 

As the depth of watei which comes inside a boat is" never allowed 
to exceed two inches, a special tray is used (see Fig. 16) for baling out 
water. The tray is open at end A, and is dipped m w'ater w»ith bottom 
AB 111 horizontal position As soon as water comes into the traj*, the 
end A is slightty lifted and water is thrown out The tray works very 
efficiently m baling out water 
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Equipment with each Boatman. 

Each boatman is provided with a lantern, a bucket, a tray to bale 
out water and a chisel and mallet for caulking the ]omls. In addition 
to the above, other arrangements for lighting the bridge at the tune of 
emergency arc kept at site, wliioh include gas lamps, torches, huri’icane 
lanterns, etc. Life buoys made of cork are also kexit, to be used ui 
case of emergency. 

Passage of rafts plying the river. 

Two days are fixed every week for ciossmg boats and rafts through 
the bridge. An advance intimation is sent to the public to avoid delay 
at the site of the bridge. 

The superstructure of two sxmiis and one boat is removed, and boats 
allowed to pass After the boats have passed, the boat and members -of 
buperstructure aic brought in position. Usually, that &i)nn where 
water is not too swift, but is sufficiently deep, is selected for the purpose. 

Levy of Toll, 

All persons and vcliioles crossing the bridge have to pay a toll. The 
toll is collected by the revenue staff who keep a representative at the site. 
The money collected goes into tlie coffers of the Provincial Exchequer, and 
IS not considered as a P.W.D. Rcccqii. 

Maintenance of Approach Roads. 

As the traffic is rather heavy, and the soil is not too good, the 
mnmtenancc of approach roads requires constant supervision. The roads 
are dressed to remove unevenness and barkanda glass is spread every 
now and then. On an average,- two mon are required per mile for 
maintenance. 

Health and Sanitation. 

It 18 the duty of the Ferry Superintendent to see that all his boatmen 
keep healthy, and premises are kept clean. A first aid box with a 
medicine clicst is kept with him and ho administers elementary medicines 
in ease of necessity. The P.W.D. also pay a, subsidy for a small dispensary 
under the oharge of a Sub Assistant Surgeon. The dispensary is at a 
distance of about 6 miles from the boat bridge. All the boatmen receive 
free treatment in the liospital A shop for jirovisioas is also maintained 
near the boat bridge, to enable the boatmen to puichaso thoir daily 
necessities. 

Dismantling the Boat Bridge. 

TJie water in the river starts rising in March, and by middle of 
April part of the approach roads arc submerged. The time has come 



Papeb F-43 


lU 


foi dismantling the boat bridge, as nmids along with the rise m the river 
create conditions unfavourable to its safety 

The dismantling is started at tiiui end of the river, where the oblique 
current of water hits the bank. The dismanthng will bo started at 
end A (See Fig. 17). 



The first operation is to lemove the bailies of hand rails of the 
entire bridge. Aftei this lias been done, planks and trussed beams of fiist 
span aie removed to a safe place on the bank Tho roadway planks of the 
second span aio also temoved and placed at the two ends of the first boat. 
The trussed beams are turned over and placed upside down. The first 
boat IS disconnected from tho cables, stiffening beams are removed and 
anchor ropes on both sides arc made loose Thc^e anchor lopcs, however, 
are sLiU wound on the bows, and arc held by boatmen in their bands 
so that the boat is under control The boatmen go on gradually releasing 
the anchor ropes as tho boat moves Small ropes arc tied round tho 
upstream and downstream bows of the finst boat, and arc held by boatmen 
in the second boat The trussed beams on both ends are lifted about 6 
inches by boatmen The boatmen in the second boat pull at the rope's 
wound round the bows of the fii&t boat, so that it starts moving. The 
boatmen in the first boat keep the tiussed beams sliding, ns this boat 
appioaches tho second By the time the first boat has reached the 
second boat, all irubsed beams aio loaded centrally ovci tho first boat. 
All the equipment m the first boat is non placed centrally, anchor lopcs 
are out away and this boat is taken by the motor launch, or by boatmen 
to a place of safety. 

Tho advantage of pulling the first boat against oblique current 
is, that it approaches the second boat slowly In this case also the 
motion of boat is retaided by the cuiient 

The same operation is now repeated with the second and subsequent 
boats, until the entire bridge is dismantled. 

The dismautlmg of a bridge takes about two or three days It is 
howevei essential to remove all boats in swift curient the very first daj' 

About 100 men arc requiicd for dismantling the boat budge and 
taking the equipment to a safe place, and their di.stiibiition is practically 
the same as given in case of election. There arc, however, no ferry 
boats to drop anchors. 

Stabling of Boats during summer. 

The boats which have been removed from the boat bridge are 
anchored to a bank whcie the ounent of water is slow These boats 
arc loaded with planks, trussed beams and other members of super- 
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structure. They are connected in pahs, as stability of a pair of boats 
is much more than that of single boat and there is little danger of 
over-turning during floods. The boats are taken to a creek of the 
river, where velocity of water is low. They are kept anchored to 
the banks throughout tho summer. One boatman per pair of boats 
is sufficient to look after these. 


Warning of floods etc. 

A telegraph office is kept open at Ghnzi Ghat, and P.W.D. pay 
sub.sidy towards its maintenance. Weatlier forecasts are constantly received, 
and the Perry Superintendent is thus made aware of inclement weather, 
rainfall, and rise in river, well before the time of occurrence. The Ir- 
rigation Department maintain a permanent gauge at Attock near Kliairabad 
which is read daily by a gauge reader. Tho gauge reader communi- 
cates tho daily gauge at Attock, to the Ferry Supciintendent, by a post 
card. If, however, tho rise in river is abnormal, ho informs tho Executive 
Engineer and the Perry Superintendent telegraphically. Ho is expected 
to communicate a rise of 6 feet in 24 hours at Attock by wire, 
so that all precautions arc taken by the P.W.D staff for tho safety of 
the boat budge. It may be stated that water takes about 4 to 5 days 
in winter and about 3 days in summer to travel from Attock to the 
site of boat biidgc. 

From actual observations made during last twenty or thirty 
years, it has been found that 1 foot rise at Attook raises tho level 
of Indus at Ghazi Gliat as follows: — 


Gauge at Attock. 

0 to 10 feet. 
10 to 16 feet. 
16 to 26 feet. 
30 to 40 feet. 
Above 40 feet. 


Rise in water at Ghazi Ghat. 
For one foot rise at Attook. 

0..3 foot. 

0.2 foot. 

0,1 foot. 

0.08 foot. 

0.05 foot. 


If tho gauge at Attock rises from 4 to 0 foci in 24 hours, tho 
actual rise near Ghazi Ghat will bo only about 1 5 feet. 

Anchors 

A brief description of anchors used on tho upstream and down- 
stream sides of the boat bridge will bo given licre. The anchors 
consi.st of trangars or netting made of 7HK7I7-6 «m, ‘ containing obout 26 
oubic feet of boulder stones, and ntiached to 120 feet long 7nvnj-ropes 
which weigh about one maund to one and a quarter maund. The 
trangars are sometimes mado of old and worn out G.I. wire netting 
which has been discarded from tho appioaoh roads. Anchor blooks 
of conoroto, empty tar barrels filled with sand have been tried, but 
are not very successful. Tlic barrels of tar roll along tho bed and 
therefore anchor ropes become slack The concrete blooks aro unwieldy, 
and very difficult in carriage and handling. They are more expensive 
than boulders filled in a trangar. 
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Anchor Ropes of Munj Ban. 

The munj-ban is made fiom blades R'liich grow with Sarkanda 
leed The blades are beaten with a mallet until they form a very 
thm fibre. This fibre is twisted to foim Munj Ban strings 

The anchor ropes are about 2^ inches diameter and are made of 
munj-ban thread, about 3/16 inch to ^ inch in diameter. The anchor 
ropes are manufactured in rope twisting machine, which consists of 
two parts (See Plate No. XVIT for details). 

Part A IS fixed to the ground, and consists of a driving wheel 
D which rotates a pmion P (Pig. 1 & 3). This pinion has bevelled 
teeth at its periphery and lotatcs four subsidiary pinions S Fig 3 

Each subsidiary pinion has a hook made of i inch dia rod, which 
rotates witli the pinion. 

Pait jB of the niachinc has wheels at its base; thcrcfoic it can slide 
forward or backward. It also has a driving ivhcol, which iotat.es in the 
opposite diicction to that of At the centre of this diiving wheel a 
hook or J inch dia. rod is fixed, and lotatcs along with the diiving uhecl. 



of about 120 feet as shown in Pig 18 Bundles of munj-ban aic oiiencd 
out and the strings arc stretched on the gtoiind in the same manner ns 
the weaver spreads warp threads (Tana) in hi-, loom. About 6 to 8 of 
these strings are passed lound each book on the subsidiniy pinions oi part 
A. There will be thus four sots of these strings, one set round each 
hook. Each set of btiings is held on the other end by a man. Trestles 
T, T which arc about 2 feet in height arc placed at convenient distance 
apart so that the stiings do not touch the ground 

The driving wheel of part A is rotated, and the strings on each 
hook wind to foini a small rope of about J[ inch to ^ inch dinmctor. 
The rope starts getting twisted from end A and a man walks along the 
length of strings to see that the twists are gradual, and the stiings do not 
get mixed up Pour sets of ropes are made at one time Wlien these 
small ropes have been ioimcd, all the four lopes are brought on one hook 
of part A. Similarly at the othoi end these are connected to the hook 
on the diiving wheel of part B. 

Both the driving wheels are now rotated in opposite direction when 
these ropes form a secondary rope of £ inch dia. When this lope has 
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been made, its ends live tied together by munj-ban strings as shoirn in Pig. 
19 for a length of about one foot so that it does not got untwisted. 





n&. 19 

The socondaiy roiies are stored at a convenient place until required 
to form a muvj-han anchor. 

Pour of these secondary ropes make to form one inunj~ban anchor, 
which consists about 96 to 100 oi'iginal munj-ban strings. These secondary 
lopes arc connected to one liook on part A of the machine and at the 
other end to hook on part B of the machine. In order to keep the 
twists regular, a foui eyed teinpLiio (See Fig. 20) is used to keep the 
strings at constant distance apart. 



' pc lo 

The strings are passed through the foui eyed Icniplute, and this is 
moved along the line oi ropes from part A (o iiart B. The tliiving 
wheel of iiart A is rotated, and ropes sUrt twisting. The lour eyed 
template comes ahead of the twists, until it reachc'' pai t B and is then 
taken out. The mnehino B is then rotated in the opposite diiection to 
machine A until the munj-ban aiiehor of required sticiigth and .stiiTncss 
IS manufactured. The ends of anchor rope are tied by munj-ban strings 
and it is then rolled in the form of a helical coil and kept stored until 
required for use. 

G.I. Wife Ropes. 

Thc.se aro moie reliable than the 9;m7y-6aM roiics and are preferred 
111 swift current. G.I. wire No. 8 is used for making these and genei ally 
six strands of wire are twisted to form ii rope. Twisting is done in the 
same manner as in case of munj-ban ropes. The only difference is that 
two strands of G.T. wire aie used at one time for twisting in the machine. 
When these have been twisted, the double strands are twisted again to 
foi-m an anchor rope of six .sti-ands. The disadvantage of G. I. wire ropes 
is that they do not stretch. They citlicr get too tight or too loose as the 
river rises or falls. The munj-ban anchors allow a little bit of play, and 
therefore adjust thenisolve.s when the boats rise or fall. 

On the upstream side especially in swift water two anohois either 
of munj-ban or G.I. wire are used. A m7inj-ban rope 2 maunds in weight 
for upstream side has been suggested in the P.W.D. Manual of Orders. 
This rope is much too thick, and therefore, it is preferable to nso two 
separate anchors. Both these anchors are fixed in the same lino, tliat is, 
the centre line of the boat. It will probablj' bo more advantageous if 
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thc3^ are kept at an angle inelmed to the centre line of the boat aa 
shown in Sg. 21, so that m case of oblique cuirent one 
of the two IS more helpful. Li ease of normal currents the resultant 
of the tension in the two anchors will be in the centre line of the boat. 
The downstream anchors mainly come into operation when the wind is 
blowing uxistrcam. 

As stated befoie, the anchors have a few turns round the bows and 
arc tied to these. With the rise of water in the river the boats also rise and 
therefoic a greater length of anchor rope is required. The length can be 
increased b}' unwinding one or two turns. 


Am6«si 





Life of munjxban anchors. 

The life of munj-ban is taken about three month.s and therefore 
additional anchors and anchor ropes are added after three months. At 
time of dismanthng the boat bridge, anchor ropes arc cut above water 
level, and the boats are released from the boat bridge. 

Waste of material and money. 

Ever^' vear about 2000 lupecs worth of boulders and about 6000 
ruiiecs worth of miinj-han ropes go down into the iiver during erection, 
and maintenance of tlio boat bridge. This coloss.al waste cannot be 
avoided and no means have so fai been devised by which the anchor ropes 
and anchor blocks can be salvaged after the boat bridge has been 
dismantled. 

Steel anchors. 

Plate XV shou's sketch of a portable steel anchor used for ferry 
boats, launch etc. It is taken in the motor launch or ferrj' boat and 
clioppod wheie necessarj'. 

Construction of a boat 

The construot.ion and shaping of a boat is a difficult and intricate 
]ob, and is therefore given heie in some detail. 

Selection of Wood 

The wood used for making a boat should bs light m weight, easily 
workable, soft, so tliat it can be bent into any shape and tough aud strong. 
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Deodar M'ood is selected for the purpo'sc, as it satisfies all theso 
requirements. The wood should be well seasoned, of best quality, free 
from sap, cracks , shakes, knots, elr. Long sections are preferable as tlio 
number of joints is reduced. 

Construction of Hull. 

The bottom ribs are laid on the ground at 2 feet intervals and the 
construction of the hull or bottom of the boat is .started. The central 
key plnnk wliicli is 12 inches wide and 3 inches thick is laid over the ribs 
and connected to them by means of dog sjiikes 1^ inches thick planks 
aie laid on both sides of the key plnnk. Each 1^ inches planlc is about 
10 inches to 12 inches wide, and has edges which arc tnie and vortical. 
The plank is brought close to the key plnnk and struck by a wooden 
mallet on its aide away from the key plank, so that its ]oint with the key 
plank is as narrow as possible. A saw is passed through the whole length 
of the joint, so that anj' inequalities on the sides of planks are sawn off. 
After the joint has been sawn through, the plnnk is again forced close to 
the key plank by the wooden mallet. Any inequalities m the joint are 
again sawn off and the process is rcpeatcil until the joint is even and 
tight. The plank is then connected to the ribs by dog spikes. The next 
plnnk is then placed adjacent to this plank and tlie joint is made tight on 
explained before. It is then connected to tho ribs by dog spikes. 
Similarl}' other planks are fixed on tho bottom ribs to form the hull of 
tho boat, as shown in Pig. No. 22, 



Longitudinal Joints. 

The bull of the boat is about 48 feet long and thcioforc planks must 
also bo connected in the longitudinal direction. A typical plan of scarf 
joints IS sho^vn in Pig. No. 23. 



It is imperative that the length of arms of tho scarf joint must bo 
at least two feet so that tho arms aro connected to tho ribs at two places 
at least, otherwise there is danger of the joint breaking loose. Those 
joints should be staggoicd, so that tho strength of tho boat is not impaired. 
When tho hull is finally completed, it is painted with two coats of tar. 
It is then bodily lifted, lurned over, .so that the rib.s are now at tojj and 
the hull is at the bottom. It losls on timber scantlings placed on tho 



120 


Papbb P-43 


ground and does not touch the ground. The hull is horizontal and 
straight in its central 15 feet length, and is curved at its ends whioh are 
about 2 feet higher than the centie In order to achieve this curved 
shape, the skeleton of the central pat t of the boat consisting of ribs, 
gunvale etc is completed. The vertical struts and top gunwale beams are 
connected to each other to form the skeleton, and then the side ribs are 
connected to the bottom nba at the requisite angle. The side ribs are 
connected to the bottom ribs by mild steel flats and bolts, and to top 
beams by means of a tonon ]oint Tbe details are shoivn in Plate IV, 
Jacks arc placed below the hull at its tvo ends These ends are 
lifted graduall 3 ' bj' giving a few turns to the jacks. The planks are kept 
well sprinkled with watei, so that they hccoino pliable, and gradually 
adopt Ibe new shape The pioccas of lilting takes about 4 to 5 hours. 
The boat is also loaded with stone boulders about 10 mautids in weight, 
at a place where the ciiivatiire in the hull starts This helps bending, as 
well as giving a smooth curve. When the hull has assumed its true shape, 
tbe end beams and the top curved beams are fitted, and the skeleton of 
the whole boat is completed The ribs at the ends aro then fixed in 
proper position as explained before. 

Sides of tlie Boat 

Meanwhile another set of oarpcnteis arc busy pieparing sides of 
boats by connecting planks together In connecting the planks to each 
other some precautions are taken, as described in detail already. The 
jomts should be sawn through until they arc absnlutly true and tight. The 
planks aie connected to each othet by nails made of bamboos Those 
nails are about 3/8 inch dia , and are driven by drilling holes in the 
plank The hole is drilled at an angle, so that the nail is about 6 inches 
long as shown in Fig 24. 



The sides are In oiio plane for a length of 28 feet in the centre, so 
theic IS no difficulty in connecting these planks to the i ibs. At the ends, 
however, these arc curved. 

The planks are wetted, arc forced to their now shape gradually, 
and the curved parts ai e coimeoted to the side ribs in a continuous and 
slow manner Care should be exercised in bending, ond no plank should 
be atiaincd so much, that it gets fracbuicd. The side planks arc pro- 
jecting about 2 uiohes below the hull The projection reduces the strain 
on the hull, when the boat runs aground and has to be pulled out It 
also gives a greater bearing foi the nails whioli connect sides to the hull 
When the sides have been completed and cut to the exact shape, the tie 
rods aie fitted into the boat and structure is completed. The boat ii 
given three coats of paint before it is lowered in water. 
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Size of planks. 

The planks should bo 12 inches to 14 inches in width, and about 
20-24 feet in length, so that the boat has a minimum number of joints 
On account of war this size of planks was impossible to get and theteforo 
smaller planks had to be used. The planks available were 6 inch<‘s to 10 
inches in width and about 10-12 feet m length. The skilled artisans were 
averse to using these planks, as these had never been used bcfoie. 
They were very pessimistic about the safety and strength of the boats and 
wore of opinion that it would develop too many leaks The boats made 
with planks of this size have so far given no trouble. Extra labour was, 
however, rcquiied in makuig these, and wastage was also greater. 

Dog spikes. 

The spikes arc made locally out of mild steel rods 1/4 inch square in 
section. Their length is about 6-6 inches. Dog spikes used on key planks 
arc about 10 inches long. 
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CHAPTER V. 

Boat Bridge to carry Indian Roads Congress Standard Loading. 

The boat-biidgc to carry 8 tons live load has given complete satisfac- 
tion in its perfoimance It is proposed now to go a step forward and 
design a budge to cairv I. R C Standaid Loading, A detail design has 
been worked out m Appendix IT, and Plate No. XVIII shows the details 
of memliers. Tlio arrangement of members is exactly the same as that 
adopted for Class VII loading. 

A perusal of calculations will show that loads imposed by I R C. 
Standaid Loading aie about 50 per cent of loads imposed by Class VII 
Type vehiolo, (See Appendix I), for roadway planlcs, and about 126 per cent 
for other members of the supci'bti ucture It is not luiown how IRC. 
Standard Loadmg has been derived, theieforo it is difficult to explain 
this discrepancy. Before the publication of Indian Roads Congress Speci- 
fications, the load specified for design of highway bridges was based on 
British Equivalent Standard Loading The B E S. A Loading as’ 
adopted in England has an intensity of 16 units, while in India 
an intensity of 10 units was specified. Calculations have been also worked 
out with this loading, and it has been found that the 10 units loading 
imposes loads which are about 100 per cent more than I. R. 0. Standa^ 
Loading in case of planks, and about 25 percent more in case of other 
members. To save space these calculations have not been given in the 
paper. 


Size of members. 

All meraberfi arc assumed to be made of deodar wood which weighs 
about 35 lbs. per cubic foot. Worlong stresses for this timber arc given 
below and have been taken from Indian Forest Records Pamphlet, Volume 
XVn, page 38 - 

lbs. per sq in. 


Bending . . . . - . 1240 

Shear. Horizontal. . . 00 

Shear. Along grain - . 130 

Compression parallel to gram. . . . . 990 

Compression peipendioular to gram. . . 296 


Throe inch thick planks are very safe for 1. R. 0. Standard Loading 
and are also safe for 10 units B.E S A Loading. 


Low stre.'.ses have been kept in othei niemberb of the superstracture 
lo allow a bigger margin of safety. The compression member of the fang 
post trusses is likely to warp considciably, and thereby cause eocenttio 
Presses These cccentnc stresses will cause heavy bending moments 
which have not been taken into account in calculations. The stresses 

allowed arc therefore low. 


The spacing of boats h.is been leduced to 20 foot, as trassed 
of 30 feet span will be extremely heavy and difficult to handle 


beams 
It is a 
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problem to transjjorb iheiu m carts or lorries on account of their length. 
The trussed beams of 20 feet span will be lighter in weight and more 
easy to handle. The dead load on each boat will also be reduced by 
about 2 tons, and therefore its not buoyancy for lieavier loads will be 
inoreased. The boat atiII sink about 12 inches Avhen a live load of this 
intensity comes over the bridge. This will give a slope of 1 in 20 in the 
roadway, which may be considered high by some people. Slightly bigger 
boats may therefore be preferable. 

Analysis of costs shows, that for I.R.C. Standard Loading, a span of 2G 
feet is more economical than a span of 20 feet. The cost of substructure 
is higher than the cost of superstructure when the bpnn is 20 feet-. It 
may therefore be advantageous to put up a bridgo of 25 feet .span. 

It may be of interest to readers to know tliat a ton ton road-roller 
has been passed over the budge of boats built in a creek of the river. The 
span was 30 feel. Nino trussed beams instead of seven were used to 
carry the load. Tho photographs show the road roller crossing the bridgo. 
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CHAPTER VI 

Details of costs. 

The details of quantities and cjsts for a boat bridge and its various 
pai ta are given in Appendix III (pages 146,14:7). The costs per foot run 
of thicc different typca of boat bridges dealt with in thw paper are 
tabulated below : — 


Type of Boat 
Bridge. 

Total Cost per 
foot run. 

Cost 

run of substiiic- 
tiirc i.c boats 

Cost jicr foot 
run of super- 
structure. 

(1) Gunwale Typo 

Rs. 

Rs, 

Rs. 

Boat Budge 
with boats at 
40 feet centres 

71/- 

40/- 

31/- 

(2) Boat Biidgeto 
cany 8 ton 
live load with 
boats at 30 
feet centres 

104/- 

54/- 

60/- 

(3) Boat Bridge to 
carij’ I R. C. 
Standard Load- 
ing with boats 
at 20 feet cen- 
tres. 

143/- 

00 

o 

■ 

63/. 


The initial costs of a boat biidgo of typo I and typo II, arc lower 
than that of n permanent bridge. The cost of a boat bridge to cany 
I. R C Standard Loading also compares favourably m ith the cost of a 
permanent bridge to carry the same intensity of loading Where 
heavy training woiks aie to bo done, the cost of a permanent 
bridge may be 50 to 100 per cent more than that of a boat 
bridge. The analyhis of costs shons that the cost of supcrstriicturo is 
piacticnlly equal to the cost of substnicturo This is as it should be, 
for an economically designed structure It appears fioni the analysis 
that the spacing of boats in case of a bridge to carry I. R C Standnid 
Loading can be increased to about 26 feet, so as to get the most economi- 
cal bridge 

In the costs given above, pre-war iigurcs for costs of materials have 
boon taken The cost of timber is Rs. 3/- per cubic foot, and cost of 
steel including bolts and nuts is Rs 30/- pci hundredweight The 
present day figures keep on fluctuating from day to day, and will be 
hairlly any use for rcfcienco purposes 
Cost of maintenance. 

The cost of maintenance of the boat bridge at Ghazi Ghat including 
special repairs to boats, and replacement of members of supei structure 
■works out to about Rs. 40,000/^ per annum This does not include the 
cost of running the foi ly steamer during Euiiimcr The cost works out 
to be about Rs 15/- per foot run per annum As compaicd to the 
maintenance cost of a permanent bridge, this cost is extremely lugh. 
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APPENDIX I. 

Design of a Boat Bridge to carry Class VII Type Vehicles. (Or a 
manmum load of 8 tons). 

The airangement of biiperatructure beams is shown in Plate No. XI. 
Fig. No. 3. The planks 3 inches thick, and 12 inches wide are supported 
on 7 Nos. trussed beams, at 2 feet centres, giving a clear roadway of 
12 feet The ti ussed beams are supported on a single long beam, which 
m turn is supported on 6 Nos. saddle beams. The saddle beams are 
siippoi ted on gunwales of the boat in such a manner that each saddle 
beam comes over the ribs of the boat. All the members of supcistiuctuio 
are made of deodar wood, weighing 35 lbs. a cubic foot. 


Live Load. 

The bridge IS designed to carry Class VII Type Vehicles, weighing 
7 tons. Including impact, the weight assumed is 8 tons, giving an impact 
of about 15 per cent. As the speed of the vehicle will not he moie than 
3 miles an hour, this impact factor is ample. 

The front axle will carry } the total load .. .. =2'67 tons 

The rear axle will carry -j the total load ... .. =6‘34 tons. 

The di.stanee between axlei is 13 feet 2 inches. The vehicle has four 
wheels at the reai, and two wheels m fiont. 

2’G7 

Weight on one front wheel =- 5 — X 2240 =2990 lbs 

Say =3000 lbs. 

Weight on one pair of hind w'heels » — g x 2240 lbs. 

Say =6000 lbs. 

Thus the hind wheels produce the w'orst effect.. 

Design of planks. 



Fic. ztr 


The planks have a span of 2 feet centre to centre 
It is assumed that bending moment in end spans 


Bending moment m intei mediate spans 


WL 

12 
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The planks are 3 inches thick, and carry 2 inches thick saikanda 
^rass, saturated with water. 


Weight of planks per square foot 
Weight of sarkanda grass 
Total dead load per square foot 

B.M. due to dead load 


= }X35 = 9 lbs. 

=ix35 = 61b3 
= 15 lbs. 

"= 6 ft. lbs. (Negligible) 


Live Load. 


Each pair of hind wheels carries a load of GOOD lbs. distributed in a 
■width of 1 foot and 3 inches below the tyres. 


■ 




« i 

^^ 1-3 







Assume a dispersion of 45 degrees, and this load majjr be considered 
distributed in a width of (I '- 3 " + 2 X 6") = 2'- 1" 

Say =2'-0" 


Bending moment due to live load in end span = 


6000x2x12 


10 

= 14400 inch lbs 


For planks 12 in. by 3 in. 


_ bd' 12X3^ . 

27 m 


M 14400 

F = -y- Y. = — X 1'5 «= 800 lbs. per square inch which is safe 
X A 7 


Or using formula given on pages 21-22 of I R. C. Bridge* 
Specifications we get 

M=-|-bd- or 14400 = 207 bd^ (p = 1G53.) 

O 


If b =12 inches 


; d= V; 


1200 

207 


a= 2.4 inches. 


"■Standard SpooiRcation and codo of practico for Road Bridges in India — 
I.R.O. 1937. 
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Shear. 

Duo to dead load = — ^ ^ 
2 

Duo to live load=: 

Total. 

Shear stress. 


= 15 Ibq. 

Ea 3000 lbs._ 

= 3016 lbs. 

_ 3016 
" 12x3 

= 83 lbs per sq. inch. 


Design of King post Trusses. (See plate XI) 

There are seven trusses earrying the roadway. 



F\3 2.7 

Dead load per foot run of roadway =14x 15 ee 210 lbs 
Weight of hand rails etc. «= 2 X 20 — 40 lbs. 

Total. - 260 lbs. 

Note. 

The hand rails con-sist of two bailies w'hich weigh about 10 lbs. per 
foot ran. The load of hand rails mil come on tno truEsed beams plaecd 
outside, but foi biiuplicity of calculation this load has been assumed to 
bo distributed on all the trussed beams. 


Weight per foot run on each truss 

250 

7 

= 36 lbs. 

Weight of truss poi foot run is calculated below . — 


7' X 10" pieces 30 feet long 


= 610 lbs. 

Weight of 1| incln/i tie rod 

=*31x3 38 

=105 lbs 

Side pieces 2 Nos 3' X 10', 8 feet long 

=^X8X3.'5 

= 117 lbs 

Shisliam piop 4^ in by 13 in. by 2 0 
at. the centre at 49 lbs per cu ft 

26x45x13x49 
” 144 

= 52 lbs. 

"V, bolts 14" long 12 Nos 

=12x23 

= 28 lbs 

Scaring iilates at ends 2 Nos. 


= 20 lbs. 

Angle lions at junction etc. 


= 10 lbs. 


Total 

= 842 lbs 
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Weight per foot run of each trubs 
Dead load pei foot run 

Dead load stresses. 

Reaction nt B. 

(Pig. 27) 

B.M. ni B. 

Alaxiinam positive B.M. 
at n point 0 375 L fiom end 


842 

30 

=30 + 28 


=28 lbs. 
=04 Ihn. 


= 2xg wl 

=2x -5x04x16 
= (J to?^) negative. 

= -Jx04xl6= 

= |~gx 04x15* =1010ft. Ib-3. 


= 1200 Ihb 

= ~JS00ft. Ihb. 


Note : The constants of bending moments have been taken from 
Concrete Plain and Reinforced by Taylor and Thomson 
Voh II {193S Edition), pages 34^36. 

Live load stresses. 

Pago 55 of M.E.S. Hand Book Vol. Ill (Roads) (Reprint 1030) gives 
the following formula for distribution of bending monicnls from roller 
on stringers : — 

T, ,, . . B.M. due to roller X spacing of stringer. 

B.M. on one stringer — 2 — 

In thi.s case spacing = 2 feet. 

Therefore bending moment or load on each stringer =25 per cent. 

26 

Concentrated load on each stringer duo to hind wheels =2x6000x jqq 

= 3000 lbs. 

25 

Concentrated load due to front axle = 2 x 3000 x 

= 1500 lbs. 

Maximum negative moment at B duo to hind wheels. (l — Cto)jd 

The maximum value of Cjo is 0.097 or O.l (vide p 36 Concrete Plain 
and Reinforced by Taylor Thomp.son and Smulsk}'.) (1938 Edition) 

With P=3000 lbs. and L*= 16 ft , max. 
negative B. M. .. .. .. =0" 1x3000x16 ft. lbs. 

= 4500 ft. lbs. 


The front wheel will also produce a negative moment at B. The 
maximum value of co.oiHcicnt C], w'ill be 0.08. 

Hence B.M. = 1600 x 16 x 0 08 

=1800 ft. lbs. 
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Noi'iitivo 13 .jU. due to both loads =4500 + 1800 ft. lbs 

:=6300 It., lbs 



\^3 


Value-, of ^llt^a^ due to fiont wlu-ol loads aic 

T', =0-4 X 1500 = COO lbs. 

» (1-0 l)x 1600 » 900 „ 
V', =0 08 X 1600 = 120 „ 

r“ =-0 08 x 1500 =-120 „ 

Values of ehcai duo to bind vboel loads me : — 

=-0 1 X 3000 
V j = 0 1 X 3000 


T’ 




= (1-0 3) X. 1000 
-= 0 3 X 3000 


= -300 11m. 
= + 300 „ 
-= +2100 „ 
= 4- 900 „ 


Tims total shcni diu’ to liolh the loads arc — 


r, 

Tjr 

Fs 

The total icaction nl central piop. 


=C00- 300 
= 9004- 300 
= 120+2100 
= - 120 + 000 


= 300 lbs 
= 1200 lbs. 
= 22201bb. 
= 780 lbs. 
V 5 , + Vj, = 3420 lbs. 


Maximum positive moincut tiiH occur at tho centre ol span irlicn 
hind M’licol IS ovci it. 


Maximum bending moment. 

Where P 


=C, P, 

= 3000 Ihs. 

=0 51/ and C, = 0 42 
=0-42x3000x06x15 
=9160 ft lbs. 


If tlio fxoiit wheel IS on tho truss also, the effect of this would ho 

to 1 educe this B M. We mil nssuino that this ivheel is on tho other 

truss, hO as to get yoist condition. 

Thus negative moment at B =6300 + 1800 ft lbs. 

=8100 ft lbs. 

and maximum poiitivc moment in apan =0450+1010 ft lbs. 

or 6iiy =10500 ft. lbs. 

Maximum vcitical shear at B due to dead load =1200 lbs. 

Maxinuiiu vertical shcai at B duo to live load =3420 lbs 


Total shear 


-4G20 lbs. 
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Determination of size of members. 

The strut will bo 12 inches wide and 41 indies thick. 

4620 


Diiect compression 


12x0-45 
4G20 


= 86 lbs per squiiic inch. 


Bearing stre.ss on top members = — = 150 lbs. per square incli. 

4620 


Bearing of 1^" dia rod 


1-125x4 5 
fWwA/lA/l 


' 013 lbs. per square inch. 


w 


p‘'5 2-^ 

The bottom of stiut will have 4yxV’ bottom which will 
distribute the vertical stress duo to lod*. over a big .irea and thus reduce 
the local stress at point P. 


Tension in AD and CD due to dead and 

live load. (Fig. 27) .. = 11800 lbs. 

Use 1^ inch dia. rods foi tic rods. 


As the tic lods have thicads 
will be 1 inch. 

Stress in tic rod 


at their ends, net din. of rod 

11800 
“ 0-786 

s= 15000 lbs. x)cr square inch. 


Member AB and BC 

Direct stress duo to dead and live loads 


4620x16 

3x3o 


= 11560 lbs. 


Maximum positive B. M. 
Maximum negative B.M. 

fc or /t 


= 10600 ft. lbs. or 126000 in. lbs. 
= 8100 ft. lbs. or 97200 in. lbs. 

P . 3IY 

11650 126000X6X12 

7x10"^ 7X10X16X10' 


= 106zfcl080 lbs. iier Sq. in. 
•= 1246 or 916 lbs. per sq. in. 
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Design at Joint B. 

Ar there are spliocs, compression btrc'-s is safe, 

or A 11500 97200x6 

“HXIO"^ 2x3x10'* 

=88+972 lbs. per Sq. in. 

Tension = 884 lbs per square mch, 

Tlie stresses in the different members of the Truss are all irithin 
pein)issible limits 

Design of long beam. 

^1 [ i J ! 1 L, 

t t I i t t 

j- 1- -»!• 'O — *• -*ij 

f‘5 

The long beam is suppoited on saddle beams 2 feet centres This 
beam has 5 spans of 2 feet and cantilepois 2 feet ou each side. 

In each span the tiussed beams rest and impose a concentrated load. 

Load on each span duo to dead load =30x04 = 1920 lbs 

Live load. 

When the hmd ■wheel is just over the end of truss the maximum 
load lb produced 

Maximum load = 3000 + (1500 x 

= 3000 + 842 lbs. 
or say = 3850 lbs. 

The second term in the above expression is due to the front wheel, 
(wheel base 13 ft 2 in.). 

Total dca<^ and live load in 

span =3850 + 1920 = 6770 lbs. 

BM in span =^^= - *^ - ^^^ =2308 feet lbs 
o o 

B M. in canti- 
lever .. =5770x13 =7500 feet lbs. 

=90,000 in lbs. 


Note. This condition will never arise, as the hmd wheel can never 
reach upto the wheel guard 
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Assumo S'^XS" SeoLion. 

MY 90,000x3 




Therefore f 


I 250 

1055 lbs. per square inch. 


Shear 

Thc.so slresBCS are witlun safe hniils. 


5770 nr^ii -1 

= ~^ = 00 lbs. per square inch. 


Design of saddle beams. 

Span of saddle beam 

The.sc beams are six in number. 

Dead load for supcrsl/riicturc (Trusses) 

Add weight of long beam, 8''x8"xl4' 
Total dead load 


= 12 feet. 

= 64x30x7 

= 13440 lbs. 
= 220 lbs. 

= 13600 lbs. 


Live load 


= 8X2240 = 17920 lbs. 


31680 lbs. 


Load on each beam 


31580 


=5260 lbs. 


Assume 10" wide and 10" high section. 

Its weight per foot run. . . . . =26 lbs. 

B.M. due to concen* 

trated load = 52^ X22 _ jgr^gQ 

4 

25 V 12* 

Due to its own weight = — 5 — = 450 ft. lbs. 

O 

Total B.M. = 1 6780 + 460 = 10230 ft, lbs 

= 1,94,760 in. lbs. 

Section modulus Z=^bd^ in*. 

6 

= ll0xl0xl0 = iMin5. 

G 6 

M 194760 x6 
” 2 ? ” 1000 

= 1169 lbs. XJer sq. in. 


This is safe. 
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Design of Boat. 

The saddle beams are suppoited on the gunwales winch transmit 
the load to the ribs etc The size of gunwales of boat is 10 inches by 
4 inches 

Load on gunwale from each saddle be.im='^^^^+ lbs 

This load acts diiectly on iibs, which are 6 inches by 3 inches. 

2780 

Diiect stress in iibs =^-^=164 lbs pci squaieinch, which js safe. 

If however these beams aie placed in position at the centre of ribs, 
then maximum shear in gunwales 


Shear stress 
B J[ 


2780 
' 2 

1390 
' 36 

2780x2 


1390 lbs 

=.39 lbs per square inch. 

^1100 ft lbs =1.3200 in lbs 
ICO 


6 6 


/- 


13200 x6 


160 


=495 lbs per sq in. which is safe. 

P'.g 3/ 


zif'Die 



It will be seen that the load on the ribs la central at top, but 
eccentric at bottom, as the rib is built inclined. The total vertical load on 
e.ach rib is 2780 lbs. 


Load on all the six ribs =2780 X 6 


=16680 lbs. 
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By taking moments fthout point ‘A.*, tension in the rods which aie 
parallel to the saddle beams is obtained. — 


T y 4 2 
T 


-16880 X 1.25 

16680 X 1.26 
“ 4.2 


- 6000 lbs 


There are two tie rods, therefore tension in each = ^^^=2500 lbs. 

The tie rods are 3/4 inch diameter, and are fitted with bolts at each end 
The net area of tie rod will be = x (t)‘ 


Hence stress in tie rods 


=0.3 square inch. 
2500 


03 


-lbs. per sq. inch. 


=8333 lbs. per square inch, wliich is safe. 
Thus the two 3/4 inch tie rods are ample 


Now consider the strength of boat when it is resting on sand. 

The total load of super-structure, 
live load, boats etc. =12 X 27 80+ 6 5 x2240 lbs 

=33360 1 14500 = 47920 lbs 

When the boat is resting 

on sand the bearing area = 14 67 x 9.5 sq feet. 

= 139 sq. feet 

Hence total load per square foot =345 lbs. 

This figure will only hold, if the sand surface were absolutely rigid 
like a concrete pavement. When the boai touches the soft sand, it 
will be definitely buried in sand ivith water pressure all round. 

Even if the boat sinks about 3 inches in sand, the bearing area is 
considerably increased with corresponding reduced stresses. 

The bottom planks are IJ inches thick and have a span of 2 feet. 

Load on planks = 345 lbs. per sq. ft. 

Hence B.M. = - = 138 ft. lbs. or 1656 in. lbs. 

Z = i X 12X1.75= =6.125 in.’. 

, M 1656 „„„ , 

f =-^= g-^ g, =270'4 lbs per sq. in. which is safe. 
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Now consider the design of iibs. 



The nhs nnd hoUom planks ran}' be eonsidet id n>' acting togethci 
as a composite section 


C. G of section from top 


Moment of Inertia 


Weight of rib and bottom planks 
acting downwards 

Not upward piessnrc 
B.M. on rib 


_ 12^- 1.75 > 6 .875 + 0x3x3 

“ ■ 2xr2,a.7r, + Gxr 

•a o 07 inches 

- X 24^ + (1.75)' +42(0 875 + 0 33)=+ 
|-X(5 67)* +|-(0 33)*. 

= 6.36+60 08+182 28+ 04 in.* 

» 248.56 in.* 

= ~ X .33 -15 lbs 


— ■ (2 X 345 — 16) •= 676 lbs per Rft 
„ 67^^ V 12 in. lbs. 

= 65610 inch lbs. 


Maximum sti'ess 


65610 X 6 67 
248 50 

= 1615 Ihs pei square ineh 


This stress is slightly higher than ])oimi5siblc. 


Factor of sofetj’ 
Maximum shear at ends 

Shear stress 


87000 - „ 

ToiF- =“ 


ID 

675x9 


=3037 5 lbs. 


«= ppj. square inch 

o X # 

= 131 lbs pci square inch. 
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This ja slightly higher than the permissible stress which is 100 lbs 
per squaie inch. In the new boats, ribs at the ceutie have been increased 
to7''x4'' in size and thcrefoie stresses will bo reduced. In old boats 
ribs have been strengthened by adding a 6" X 3" nb by the side of 
each rib. 

Now consider the effect of water pressure on boat. 

The boats are to bo submerged about 2.6 feet in water. 

g 

Pleasure per square foot = 62.5 X-^-^ 156 lbs. 

A 

This pressure is lower than that when the boat rests on sand. 
Hence the ribs and jilanks arc .safe. 

When the boats aie suniberged 2 5 feet in water, there will be side 
pressure on boats equal to = ^ ^ ■ x 2 6 

=200 lbs. per foot run. 

This will be acting at a distance — 

=0 833 foot from bottom. 

There are tw’o struts at top in a distance of 20 feet. 

Total pressure in 20 feet distance =200x20 =4000 lbs. 

This will be divided in the proportion of 0.6 to 4.2 in top and 
bottom struts. 

The top struts will take 

=600 lbs. 

Each strut will carry “■ ^4 lbs. per square inch, 

-which 18 safe. 

Design of Anchors. 

The horizontal forces acting on the boat bridge are -wind pressure, 
and pressure exerted by water. These pressures have been oalculaed 
by using the formula given in I.R C Bridge Specifications, pages 10-12. 

Wind pressure per span. 

Area of boat above water = 3.5x ^^' ^ " = 38.6 Square feet. 



Area of saddle beams exposed to 
wind. 


11.0 Square feet. 
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Ai c.i of long beiuns ”12^1” 

Aro.i of ti iihspci beams 

Atea of roadway planks and 
E.ai kandn grass = 30 X 1 

Total area. 

Wind prcssniij with no live load - - COxDO 

With live load of b Inn lony 
the exposed niea, (as the 
boat gets hubmerged) 


\ = (90- 


J 


10 ) 


•=0 4 Square foot. 
= 30 Square feet. 

= 10 Square feet. 
= 90 0 Square feet 
= 4fi00 lbs 

— 80 Square feet 


The length of lorry is as<suincd to bo 1(5 feet. 

Wind pressure with live load •= 80 x 20f + 200^^ x 16=4800 lbs. 

Pressure of w.itcr on boat is given by the ioimula — 

P -- KA*Vi 

Wheie K •= 0.4(5 (as boat has cut waters) 
A = Aron of boat immersed 

— 2..“)X*^ =26 Square feet 

V =- 10 Ifct per second, 

picssiire = 046x20x10* =1200 lbs 


Thus the total pressure whioh is cxoi(ed on the nnehor is : 
Wind piessuie = 4800 lbs. 

Water piessure = 1200 lbs. 


Total = 6000 lbs. 

or say •= 3 tons 


The breaking sticngth of G. I. who ane.hors is about 3 tons Two 
anchors .are used in swift watci giving a factor of safety of 2 only. The 
breaking stiongth of munj-ban .inehors is about 1 to H tons, Munj-ban 
.inohors arc therefore uns.ifc in case of seycre windstorms. As tho boat 
bridge is dismantled in middle of Apiil, it is not subject to severe forces 
due to windstonns or strong curient of watei. 


Design of Chain or Wire Rope Cables. 

The chain will come into action when the anchor rope of a boat 
gets broken Supposing one boat gets loose, it will exort a piessurc of 3 
tons on the chain The stress in the chain will depend on tho deflection 
III the chain If the chain is too tight and is built straight from end 
to end, the sti Cases will be high. If the chain is loose, and can deflect, 
then the stiess in it will be low. 

t Standard specification and code of practice for road bridges in India pogo 11. 
* do. do. do do. do. do. page 12. 
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Assume that both the upstream and downstream clinins deflect 
2 feci as shown in sketch 



ri4 33 


Tension in Btrings — T = W = 7'5 W. 

As half the load is taken by upstieain cable and half liy downstream 

cable, 

W 

tension = 7*6-jj- = 75x1-5 =11 25 tons 

This 18 hafe for G. I. wiie rope of 4 inches giith, but unsafe for | inch 
diameter chain which has a safe stress of 8 tons Two chains are used on 
the upstream side in swift water. So far chains ha\e never broken, 
therefore it seems that constants for wmd pressure and water pressure 
are too high. 
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Design of a Boat Bridge to carry I.R.C> Standard Loading. 

Tho design calculations aic on the same basis as given in Appendix I 

The nirnngemcnt of suporsti ncturo beams, planks, etc., is shoivn 
in Plato No XVIII Tho planks aic suppoitcd on 7 trussed beams 
at 2 feet ccntics giving a clear loadway ol 12 foot Tho trusses arc 
suppoitcd on a single long beam which in tiiin is supported on G 
saddle beams. The saddle beams aie supported on gunwales of the 
boat in such a manner that each saddle bcain comes ovei llio ribs of tho 
boats. All tho mcmbcis of supci structure arc made of dcodai wood. 


Live load. 

Tho bridge IS designed to enny IRC Standard Loading. As the 
speed of vehicles over the boat bridge ivill be lestriclcd to 3 miles ^lor hour, 
an impaot factor of IS por cent will be moie than ample. 

Design of planks. 

The planks have a sp.in of 2 feet centio to ceiitic It is assumed 
that bending moment in end spans iiitormcdiato spans = -p,-. 


Fl^ 3 4. 

The planks arc 3 inches thick and euiiy 2 inches thick sarkanda 

grass. 

Weight of planks pei square foot — Jx36= 0 lbs. 

Weight of saikanda grass pei square foot =], >C.'15= (> lbs. 

Total dead load por foot iiin =15 lbs. 

IR v2* 

B. M due to dead load = — ^ — = C ft. lbs. 


Live Load. 


B.M due to distributed load 

. , , 0.68 X 2240X1.15 X2 

including impact = 


10 


=350 ft. lbs. 


B.M. due to knife edge load ^ 0 . 6x2240^x115x 2 

Total B M. = 0 + 350+308 = 664 ft. lbs. 

= 7968 in lbs. 
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bd^ 

I = Moment of inertia of planks ='=-^=27in.^ 


. MY 7968 , ^ 

/ =-X=-^Xl-8 


12 

=442 lbs ijor square inch 
■n’hich is safe. 


Or using formula given on page.s 21-22 of I.R C. Bi-idgc Specifications 
we get — 

- M -(iM’) 

Where ‘p’ for Deodar is 1653 


a/8M_./8x7968 
““^pb '^ 1663xi2 


= 1.8 inches. 


Shear. 


Duo to dead load 


15X2 


Distributed live load = 


0.034 x 2240x1 15 x2 


15 lbs. 
88 lbs 


2. X * 1 1 9X2240X1.16 „ 

Due to concentrated load = =2310 lbs. 


10 


Total shear- (2310+88 + 16) =2413 lbs. 


2 inches thick planks give 
a shear of 


= 100 lbs. per square inch 
which is safe. 


Design of Trusses. 

The trusses have a span of 20 feet. 



There are seven trusses carrying the roadway, therefore dead load 
per foot run of roadway . . . . --= 14 X 15 ” 310 lbs. 

Add for hand rails, etc. . . . . = 2 x 20 = 40 lbs. 

Total . . 260 lbs. 


Note : — The hand rails consist of two bailies which weigh about 10 lbs. per foot run. 
The weight of those will como on Uio two trussed beams placed outside but 
for simplicity of calculation this load has boon assumed to be distributed in 
dll the ti ussed beams. 




142 


Pafeb P— 43 


Weight per foot on each tnisg = 36 Ibi 

Weight of tiU98 per foot run ( See page 145 ) = 36 lbs 
Total dead weight pci foot run . . =72 lbs. 


* Dead load stresses 
Reaction ni B 

Tension in AD and CD (Fig. 35) 


Compression in AB and BC (Fig. 35). . = « n 

•2 o 

B.M abB 


- |-X 72x20=900 lbs., 
= '>0?x'-^orl0001bs. 
X V? - 1600 lbs. 


■={ — J «'/*) Negative 


hlaximum positive B M at a point 
0 375 L from end 


Live Load stresses : 

Distributed live load per foot run 
including 15 percent impact 

Knife edge load for B.M 


»Jx72xl0*xl2 or 10800 inch lbs. 


9 ,, 

"l- 28 “'*‘ 

= ~ X 72 X lO'x 12=6072 inch lbs. 

ImO 


0 34x2240x1.15 


lbs.= 125 lb-,. 


6x1.15x2240 


lbs. =2200 lbs. 


Knife edge load for shear 


9X1 16 x 2240 


lbs. =3300,lbs. 


B.M. duo to distributed live load at B = | x 125 x 10' 

“ 1660 ft. lbs. (negative) 

Positive moment at point 0.376 L =^X 125x I0’=860 ft. lbs. 

IfaO 


Moment due to knife edge load : 
Positive Moment 

Negative Moment 

Hence maximum negative 
moment at point B 


= 2200 X y X 0.42 = 4600 ft. lbs. 


2200x10 
’ 10 ' 


=2200 lbs. 


=({100 + 1500+2200) = 4660 ft. lbs 


Maximum positive moment ={50G+860+4000)=o906 ft lbs. 

say *=6000 ft. lbs. 


* The constants of bendini; moments havo been taken from Taylor and 
Thompson’s Book on Bcinforced Concrete, Volume IT, pages 31-3G. 
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Maximum vertical shear. 

At point B the shear is : — 

Distributed live load 
Knife edge load shear 
Due to dead load 


= 12.5 X 20 X lbs. = 1660 lbs. 

=3300 lbs. 
=000 lbs. 

Total =5760 lbs. 


Determination of size of members. 

The strut will bo 12" wide and 
4^ inches thick. 

Direct compression 


Bearing stress on top piece 


Bearing of IJ" dia rod 


_ 6760 
12x46 

= 110 lbs 


lbs. per sq. inch, 
per square inch 


“8 x ‘4J- 


= 160 lbs. iier square inch. 


6760 

“ 1-126 x4r> 

= 11 18 lbs. per squaie inch. 


The bottom of strut will have 4|" by J inch plate at bottom which 
will distribute the vertical stress due to rod over a big area, and thus 
reduce the local stress at point P. 

Tension in AD and CD duo to dead 

and live load. (See Fig. 3.5.) = o7^2< 1 0 5 ^ jqqqq 

t> A " 


Use 1J"(/, rods. As there will be threads at each 
will be reduced to 1"'/'. 


end, the ends 


Stress in rod 


F \6 36 



10000 


13000 lbs. per sq. inch. 


” 0-78 
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Member AB and BC. 

Direct stress duo to dead and 
live loads. (See fig. 35.) 

Maximum iiositivc B.M. 

Maximum negative B.M. 

fc oi /, 


6700x10 


^19200 lbs 


Maximum iiositive B.M. •= COOO ft. lbs or 72000 m. lbs. 

Maximum negative B.M. ^4000 ft. lbs. or 55920 m. lbs. 

= sTTn ± -8x10’- ■ 
=-240^640 Ib.s per. sq. inch. 
=780 lbs. or .300 per sq inch 

A loir stress has been allowed as it has been found that those 
members warp considerably. 

Design at Joint B. 

There is n maximum negative moment al this point of 4GfiO ft lbs 
only. 3* X 10* plates u ill be ample to take up the stress. 


T»„i«n .t Joint 

14x10 OXIQJ 
= 138-500 

= - 422 lbs per square inch 
The stresses in ali the members arc tlms safe. 

Design of long beams. 

The long beam is supported on saddle beams at 2 foot centres 
This beam has 5 spans of 2 feet and cantilevers 2 feet on each side 

Tlie trussed beams rest in each span and impose a conoontrated 


Dead load 


Live load distributed 


Live load concentrated 
Total dead and live load 
B. M. at centre of span 
B M. duo to cantilever 


2x72x20 


= 1440 lbs. 


^0J8X2240>^ .2500 lbs. 

^0 X 224^ =2200 lbs. 

={1440 + 2500+2200) =0140 lbs 

= = 2450 ft Ibh 

o 

=0140x1-3 =8000 ft, lbs 


= 2200 lbs. 


= 2450 ft Ibh 


The outside trushcd beam is at a maximum distance of 1 3 feet, 
Hence stress 8000x12x5 „„„ „ 


- ^:;:."" =720 Ibs per sq in. 
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Maximum slieai 
Shear sirei^s 


= 1440 + 2500 + 3300 lbs. = 7240 lbs. 

=-g^=90 lbs per sq. inch 
which IS safe. 


Saddle beams. 

There are 6 beams and their span is 12 feet 


Dead load from supoi.structiiiea 72 x 7 x 20 lbs. = 10080 lbs. 


Add weight of 8" x.lO" X 14' beam = 

Weight of live load = (6 + 6'8) X 2240 X 1'15 

= (15 tons X 2240) 


280 lbs. 
10300 lbs. 

33G00 lbs. 


Total load 


=43900 lbs. 


Load on each beam 


43960 

6 


7325 lbs. 


Assume 10 inches wide and 12 inches high section. 


B. M due to concentrated load 

Duo to its own weight 
Total B M. 

f 

Dead load of Truss. 

8 " X 10" piece 20 feet long 

1 i " rod 22 feet long 

O 

Side pieces 2 Nos. 3" X 10" x 8' 
Shisham prop. 

1" dia. bolts 12 No. @ 4.5 lbs. 
Bearing plates 2 Nos. ^ ends 
Other plates 

Weight per foot run = 


_ 7325x12 
4 

= 21975 ft. lbs. or 263700 in. lbs. 
30X122 
8 

= 540 ft. lbs. 

= (21975 + 640) 

=22515 ft. lbs. or 270180 in. lbs. 
270180 

(10X122) 

= 1120 lbs. per sq. inch 
which is safe. 


80 

=144x35x20 

= 389 lbs. 

= 3.38x22 

= 75 lbs. 

60 

=144X8x35 

= 117 lbs. 

_3 X 1 X 4.5 

X49= 65 lbs. 

12 

• • • • 

= 64 lbs. 

• • • • 

= 20 lbs. 

• • ■ • 

= 10 lbs. 

Total 

=720 lbs. 


= 36 lbs. 
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APPENDIX HI. 

Estimated cost of various type of Boat Bridges. 

Typo I. Single Boat 40 feet centre to centre, gunwale loading. 
(Old arrangement at Ghazi Ghat). 

Consider 1 span of 40 feet. 





R<» 



Rs 

1. 

Bridge Boat 1 No. 

@ 1675/- 

each 


1576/ 

2 

Trussed Beams 4 Nos. 

@ 

110/- 


= 

440/ 

3. 

Stiffening Be.ama 2 No. 

@ 

33/- 

99 


66/ 

4. 

Cross Beams 2 Nos 

@ 

14/- 

99 

= 

28/ 

6 

Stiffening plunks 2 Nos. 

@ 

17/- 

99 

= 

34/ 

6 

Roadway plaiik'^ 36 Nos 

@ 

11/- 

99 


396/ 

7 

Railing planks 4 Nos. 

@ 

1.3/- 

99 

= 

62/ 

8. 

Gunwale pieces 2 Nos 

@ 

19/. 

99 

= 

38/ 

9 

Wheel-guard 30 Rft. 

@ 

1/8/- 

Rft. 

=. 

46/ 

10. 

Railing 30 Rft of budge 

@ 

2/6/- 

99 


71/ 

11. 

Cables wirc-ropc or chain 60 Rft 

@ 

1/- 

99 

= 

60/ 

12. 

Cham foi stiffening Beams 20 Rft 

- 1121 . 

• •• 

i= 

15/ 

13 

Anchorage upstream and downstream 


2 X 18 

■as 

36/ 





Total 

) • 

2866/- 


(a) Total cOit poi foot run 


= 

2856 

40 


= 71/. 


(6) Cost of hubstructure per loot 

run 

= 

1675 -t 
40 

- 36 




= 

1611 

40 


= 40/. 


(c) Cost of superstructure per foot lun = 

2856- 

40 

1611 




= 

1245 

40 


= 31/- 

Type II. Single boat 30 feet centre to centre with central loading 


(New design adopted at Gbazi Ghat). 


Consider one span of 30 feet. 


Rs. 

1. Bridge Boat (unproved design) 1 No. @ 1676/- each «= 1576/- 

2. Tiuased Beams (King post) 7 Nos @ 116/- each = 812/- 

3. Saddle Beams 6 Nos @ 27/- each = 162/- 

4. Long Beam 1 No, @ 19/- = 19/- 

6 Roadway planks 26 Nos. @ 11/- each = 286/- 
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6. Rfiiling planks 4 Nos. @ 13/- each = 62/- 

7. Wheel-gnard 30 Bl't of bridge @ 1 /8/- Rft. = 45/- 

8. Railing-30 Rft. of bridge @ 2/6/- Rft. = 71/- 

9. Cables, wire rope or chain 60 Rft. @ 1/- Rft. = 60/- 

10. Anchorage for one boat 2 x 18/- = 36/- 

3118/- 


(a) Total cost per foot run 

(b) Coat of substructure per foot run 

(c) Coat oi superatructuie per foot run 


3118 

30 

1676 -f 36 
30 
1611 
' 30 

3118-1611 
30' 
1507 
' 30 


104/- 

64/- 

50/. 


Typo III. Boot Bridge to carry l.R.C Loading. 

Single Boat 20 feet centre to centre with central loading. 


Consider 1 span of 20 feet. 






Rs. 

1. 

Budge Boat 1 No. @ 

1676/- each 

c=s 

1676/ 

2. 

Trussed Beams 7 Nos. @ 

100/- „ 

=• 

700/ 

3. 

Saddle Beam 6 Nos. (SI 

30/- „ 

S5 

180/ 

4. 

Long Beams 1 No. @ 

24/- „ 


24/ 

5. 

Roadway planks 16 Nos. @ 

11/- 


176/ 

6. 

Railing planks 4 Nos. @ 

13/- „ 

cs 

62/ 

7 

Wheel Guard-20 Rft. of bridge @ 1/8/- Rft. 

ea 

30/ 

8. 

Railing — 20 „ „ 

2/6/. „ 

=: 

48/ 

9. 

Cable, wire lopo or chain 40 Rft. @ 1/- Rft, 

= 

40/ 

10. 

Anchors for one boat 2X18/ 



36/ 


2860/- 


(a) Total cost per foot run 

(b) Cost of substructure per foot run 

(o) Cost of superstructure iier foot run 


_2860 

“20 

1676-1-36 

20 

1611 

“20 

2860-1611 
“ 20 
1249 
“20 


143/- 


80/- 


63 /- 


APPENDIX IV. 

Tc^ts on Trussed'Bcams to destruction Quccn.>Post Trussed Beams. 
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Thvrsday, October 7th, 1913. 

Mr. Ali Ahmed (Chairman) called upon Mr. Klianna to introduce 
his paper, “Boat Bridge across the Indus at Gazighat”. 

The above paper was taken as read. 

Discussion. 

Mr. G. G. Khanna (Author) introducing his paper said : — 

Since the outbreak of war road engineers who had to construct 
“ roads of Military importance ctossing big streams and rivers, became 
interested in the subject of boat bridges. This is a subject which should 
be of equal interest to engineers after the war, on account of the suit- 
ability of a boat bridge for post-war development of roads. It requires 
minimum quantity of materials in its construction and costs veiy little as 
compared to a permanent bridge. It is easy to erect and dismantle, 
and if necessary, the entiie equipment can be transported to any other 
crossing without much trouble. 

Numerous enquiries regarding the boat bridge at Ghazi Ghat have 
been received from various parts of the countiy during the last two or 
three years. Gcitain improvements have also been made to increase the 
capacity of the bridge. Realising that the subject may be of interest, 
and as no literature is available on the subject, this lengthy paper has 
been presented to the Congress. 

This paper gives a brief description of Gunwale Type-Boat Bridge 
which was used previously and of which a model has been shown to the 
members. The distance of boats from centre to centre is 40 feel and there 
are 4 trussed beams of queen post type carrying the roadway. The loading 
from queen post trusses is on the gunwale or edge of each boat. This 
bridge could carry a maximum of 2J tons of live load 



The second model shows the improved type of the boat bridge. 
There arc seven king-post type trussed beams earrying the roadway. 
These beams rest at the centre of each boat, therefore when live load 
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crosses ihe budge, thcie is veiy little tilting of boats. This biidge can 
carr^’ a live load of about 7 tons safely. Details of both types are given 
in Ghaptci HI. 

Chapter V, page iS2, contains a description of the boat bridge to 
cany the Indian Roads Congicss Standard Loading, which has been 
specified foi artciial roads all ovci India The bridge will be of the 
same pattein as centrally loaded type bridge- shown in the second model. 
The spacing of boats will be reduced to 20 feet and the beams supporting 
the ro.'id will be slightly heavier. The roadvay planlis ivill be, however, 
of the same sr/c 

It has been pointed out in the p.apci , that boats would sink too 
much when a ten ton lollcr ctosscs the bridge Slightly bigger boats 
may be desirable 

In order to increase the buoyancy of the boats without increasing 
the size. It is suggested that the shape shown in Sketch may be 
adopted. The existing boat ts bow ■shaped, and is tiapcroidal in cioss- 
scction The new boat will liavc a rectangular section, \\ Inch is structura- 
lly more stiong than a boat with a tiapc/oidal section At its fore and 
aft ends, the edges of boat will be vertical and not inclined Its buoyancy 
will be increased b> about 6 tons It %m11 be equally stable in water, 
though the area on which water picssiirc is acting will be slightly 
increased. 

A boat bridge designed to carry this loading will form no obstruction 
to traffic that is likely to come on loads in I ndia When hosliliiics cease, 
and post-war pi ojccts for development of roads start, this type of bridge 
will be suitable foi most of the iivcr and slicam cios'ings on account of 
its economy Money will not be ca'ilv availnlik foi permanent bridges 
which are very costly on, arcount of their deep foimdations and hcavs* 
training works A boat lindgc is put up when the discharge of the 
rivci IS low and its width nairow as compared to its w-idrh during 
floods A long budge is not necc5s.-uy, and therefore its cost is within 
reasonable limits Foi instance ajcrmaiicnt budge over the River Indus 
may cost more than one cioie of rupees, while n boat bridge w'ill not cost 
more than Rs six lakhs 

It IS fully realized that a boat budge has to be dismantled during 
flood season, which may be for a pciiod of about six montlis m a river 
like the Indus and foi a pciiod of about three months in a smallci river like 
the Ravi or the Ilcas Tins handicap ( an he ovci come by providing a 
ferry service. 

I would like to mention licic a few points which have come to my 
notice since the publication of (he Paper icgarding the maintenance 
of boat bridge. 

(r) No traffic is allowed at night over the bridge. 

(2) Motor vehicles arc allowed at a speed of about 3 miles 
an hour over the budge In order to enforce this speed, a 
man walks bef ore each veliiclc. This speed is very irksome 
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to drivers of motor vehicles . arid it is now proposed to have 
a cyclist going at a speed of about 5-7 miles an hour. 

(3) Lorries loaded with passengers are not allowed to cross 
over the improved type of bridge It is feared by the 
Government that the hand rails ate very flimsy, and a 
eyeless driver may topple the lony into the river with 
disastrous consequences An accident like this has never 
occurred, but the Government does not want to take any 
risk. 

(4) Weighing appliances to check the weights of lorries and 
other veliicles going over the bridge, are difficult and 
expensive to get. A ferry boat used for crossing lorries and 
vehicles can be used for determining the weights of these. 
Advantge is taken of buoyancy of boat at various depths 
to determine the weight of vehicles. On all the four sides 
of the ferry boat, graduated scales arc fixed which show 
the weight in the ferry boat at various depths. By loading 
the vehicles into the ferry boat and reading the scales, the 
weight of the loaded vehicles can be determined fairly 
accurately. 

(5) A boat which can be separated into four parts was fabricated 
at site of works. The design of boat is shown in Plate XIII, 
page 105. We were afraid that the boat would develop 
too many leaks. It has been under observation for more 
than six months and I am glad to say that it is as water- 
tight as any other boat and its design can be safely adopted. 
A suggestion has been received that each of these parts 
should be ^ so made that it can float independently. We are 
experimenting on the, same 


(6) I have pointed out a discrepancy on page 122 of the Paper ■ 
regarding I. R C _ Standard Loading, and would like a 
member of Technical Sub-Gommittec on Bridges to explain 
it. What is the basis behind the I. R. G. Standard Loading ? 
Two different concentrated live loads, one for shear and 
f the other for bending moment are rather confusing. What 
is our objection to reverting to the old 10 units British 
Standard Loading. The British Equivalent curve which has 
a scientific basis will come in very handy, and calculations will 
be easier. 


(7) There is one more point which I would like to touch. This 
concerns the brick trackways that have been laid over the 
bunds. The trackways are 3 feet' wide and 5! feet centres. 
The trackways used to be laid previously at 4^ centres. 
This increase was made under the orders of the Consulting 
Engineer to Government of India, as new militaiy vehicles 
had a ividth of about 5 feet to 5 feet 6 inches at the wheeU. 
This track is much too wide for bullock carts or tongas, which 
use the roads primarily, and which have a track of 4 feet to 
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4 feet 6 inches. The wheels of carts arc concentrated near the 
inner edges o^ the trackways as shown in sketch. 



Plan TRACi<\NA'i 


These wheels can nc\cr come near the outer edge of tlic tiackways, 
as m (hat c.tsc one of llic wheels could be outside the track. The wear on 
trackways !■> ihetefore neai the inner edges, wheie ruts about i inch deep 
htivc been formed If tiackways were laid ft. 6 ins centres, the wear would 
be more uniform and all over the tracks It is suggested that trackways 
in future should be [ ft. G ms centres. The military vehicles w'lll be able 
to travel over these quite comfortably as the distance between outtci edges 
of track waj-s w’lU be 7 ft 6 ins. 

K S. Radhavachary (Simla) • — 

Ml Kh.inna’s paper on "Boat Budges" is the first of its kind in the 
papers so far contributed to the Indian Roads Congress, and the author 
deserves congiatulation for his valuable contribution. 

The principles of design adopted could be advantageously used 
for the construction of larger boats that could be used for the transport 
of food-stuffs etc 

In the course of editing this paper, it occiincd to me that the 
several formulae used icquirc slight modification and these arc detailed 
bclosv Being mathematical, the author may consider these at his leisure 
and let us base liis views bcfoic the proceedings arc published and 
made available to members 

I. Design of King-post-truss (pages isg to 132). 

(n) Negative Bending moment at the central prop (B). 



Using the constants on pages 34-36 of "Concrete Flam and Rein- 
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forced” by Taylor Thompson and Smulslci, 1938 edition, as adopted by 
the author, the negative B. M. under B due to rear-axle load will be 

. M = - 0 - 25 -^ Pr.l (i) 

where a = distance of load from left support 
I = span, = 15 ft. 

Pr = load = 3000 lbs. 

For maximum value of Jlf, 

■■ j — should be zero where is the variable. 

Differentiating (i), we have , 

1—3 (jY = o:or-j = 0-577 • (“) 

and M max = — 0*0966 P. 1 . (iii) 

== — 0-0966x3000 X 15 = — 4347 ft. lbs. against 

—4500 ft. lbs. (iv) 

when this rear ax'c load P, is at *577 1 01 8'-8'fiomAor 6'-4'' from B 
for maximum B. M., the front axle load Pp will be 6ft.- lom. from the 

centre (see Fig.), as the wheel base is 13 ft.-2in. and ^ for the front 
wheel will be-^ or 0*545 1. 

15 * 

(n in this case is to be taken from support G), and the front axle load 
will induce a bending moment. 

= -0 25 X O-S^S l —{0 545 y ^ 1500 X 15 ft. lbs. 


—2156 ft. lbs. against — 1800 ft. lbs. 


.. (v) 


Total Bending moment (iv) H- (v) = 6503 ft. lbs. against 
6300 ft. lbs. as worked out by the author ( pi 30). 

The total Negative B, M. due to. dead and live loads will be 

—(1800 + 6503) or 
8303 ft. lbs as against— 8roo ft. lbs. 

(6) Reaction at the central support (p. 130.) 

It is not clear how the different reactions have been arrived at. 
Using the formulae 

V 2L = (I— c 9 ) P 

(formulae 77 and 78 on page 36 ibid). 
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Pk = 3000 lbs; Pe - 1500 lbs andy=-y 
V®^' due to real wheel = Pr |y + "“V 

V „ = jv + o’25 y(‘— y“)j 

due to front wheel •- Pp | o’25 y' — ( i — )| 

• wheicy' = V) 


V^R = 


- Pp y^ + 0-25 y^ ^ 


■ • (vi) 
(vii) 
• (viii) 

(iDc) 


The total icaction •= (vi) + (vii) + (viii) + 0^) 

* 3 

= 3000 ji's y--o‘5 y^J + 1500 ^i‘ 5 (ri 2 — y)“ 0'5 (‘ | 

•= 1500 '3'348y— o*5y^ — i‘68v^+ 0*9775^ = r(y) ■ (’') 

This will be itaaxijnum when ~ ® 

2 

(t.c ) when 3'348— **5 Y — -B’S^ y = o 

ory = o755 

substituting 0755 fox yin (\) the total reaction 3500 lbs. as against 
3420 lbs. 


(c) Positive B, M. at the centre of the span. 

On page 130, the author states thatthc inaKimuin positive moment 
will occur at the centre of the span when hind wheel is over it. This is 
not quite accurate Tlic positive B. M. is given by the formula. 

M = C9 P. «, where (79 = - j)-o.25l'|i - 

^ 1 - 1.25 -j+ 0-25? 

Jlf - P ( n - + o’25^^ ^ .... (xi) 


differentiating with respect to 
bending moment wc have— 


the variable ajl foi 

— 2.5* , o’ 

+7,- o 


I 


maximum 


(xii) 


or ~ --= 0-4325 

and M max •• 0.20742! (as against o 210 PI as worked out by the autho ) 
= 0-20742 X3000X 15 or 9334 ft. Ibi as against 9430 ft lbs. 
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The maximum positive and negative bending moments, and leaction 
at the ccntial support as wojkcd out abo\c and by the author arc 
tabulated below. 


As worked out 
abo\fe. 


9334+ >0^0=103/14 


Max. Positive BM at. centre 

of span ft. lbs. 

Max. Negative BM at B. ft. lbs. 95031 + 800= 8303 
Reaction at the prop lbs. 3500 + 1200= 4700 


As worked out by 
the author. 


10,500 

■ 8,100 
4,620 


The working stresses in the various members as worked out above 
and by the author, page 131, is tabulated for easy comparison. 


Direct compression in the 
strut. 

bearing stress on top of 
member. 

Bearing on i|in. dia. lod 

Stress in the tic rod 
Stress in members j 
AB and BG j 
Tension at joint B. 


As worked out 
above. 


As worked out by 
the author. 


lbs. per sq. in. 


lbs. per sq. in. 


47£2 

i 2 X 4’5 

4700 

7x45 

4700 

r 1 2.1 X 4*5 


87 

= 149 or 150 


=927 


86 

150 

9>3 


1 5268 1 5,000 

1232 in compicssion. 1245 

896 m tension. 915 

go2 884 


— >* >» ’• 


» » >> 

» >1 11 

M >> » 

compression 

tension 


II. Design of saddle beam. 

On page i 33 the whole ol the live load of 8 Ions has been assumed 
to come on the saddle beam. In actual piacticc, maximum sliess would 
be produced when the 1 car wheel is over the saddle beam and the load 
carried would be 

5'33X224o + 2’67 x 22^o(rf — * 

N 30 

or 15290 lbs. as against 17,920 lbs worked out by the author. 

.•. Lo/id on each beam = .^ 95 ? =^825 lbs. as 

against 5260 lbs. as worked out by the author. 



Design of Bridge for I. R. G. loading ( page 142 ). 

The load on a tralBc lane of 10 ft. is assumed distributed over the 
full width of the bridge which is 12 ft. and design of trusses is based on 
this assumption. Though the code of practice does not deal specifically 
with such eases, it seems to me to be rational to assume that the live load 
is carried by trusses in io ft. width of the bridge only. This is in confor- 
mity with B.S.S, 153 on biidgc loadings and this is being adopted by 
the Indian Railway Board. 
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The stpcsscs in various members arc worted out below on this 

basis. 

Distributed live load per foot run 1 0 3 1- 224 0 x 1 .15 spacing 

including 15 pci cent impact. j 10 

• - 175 lbs against 125 lbs 

IT P r j 6X1. 15 X 2240 2 n - . II 

K. E Load. -‘^ogi lbs against 2200 lbs. 

10 


K. E. Load for shear. 


9. 


r.i5 X224 o> 2 
to 


4G37 lbs. against 3300 lbs. 


Jf. due to dead load. i/8x 175X 10' X i2=2G2.’3o in lbs 
against 18720 in. lbs 


ns 


Positive B. M. at 0375I ” *75 '' 10^:: 12 =-14766 in lbs. as 

against 10320 in. lbs 
B. M. due to Lmfc cdqc load 

Positive B.M *3091 Xa.207X 10 s 1 2 ■=• 76,78010. lbs as against 53,2ooin. lbs. 
AVya/ii'c B. M. -- 3091 X 0.0966 X to X 12 - 35O31 in. lbs. as against 26400 
in lbs 


Therefore Max. Negative B. M. — 26250 -l- 35O3 1 4 10800=72881 in lbs. 
as against 55920 in. lbs. 

Max. Positive Moment — 6072 (D.L.) -H .1.766 -»• 76780 .= 976 18 in. lbs. as 
against 72000 in. lbs. 

Max. shear at B.{it 143)=-*-^-^^“^= 21 88 lbs, 

Due to K. E. load .IG37 „ 

Due to dead load 900 „ 


7725 lbs. against 5760 lbs 

Determination of size of members 

Direct compression ~ >43 lbs. per sq. in .as against iiol s. 

per sq. in. 

• 772*i 

Bearing stress = 215 lbs. per sq. in. as ng.ainsl 160 lbs per sq. in 

0 ' 4-5 

Bearing ( li in. dia. rods ) - - 1525 lbs. per sq. in as against 

i.i25X.i..5 

1 1 18 lbs persq. in. 

Stress in AD and CD ^ — 1342a lbs as .against 10,000 lbs 

3X2 

Stress in rod = — _ = I7ia33 persq. in .as against 13,000 lbs. per sq. in 

o 70 

• • 772*% X lO 

Direct stress in AB,BC = — ^ = 25750 as against 19200 lbs. -do- 

(p.144) 

Max Positive B. M. = 97,618 in lbs. 

p r 25750 , 97618 X 6 ,, . ^ . 

fc or ft -« 1045 or 4>ol*’s- persq in. as against 

780 or 300 lbs. per sq. in 
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Design of Joint B. 

Max. Positive Moment = 72,881 lbs. as against 55920 in. His 

Tension in joint, against 442 

lbs. per sq. in. 


Design of long beam. 

Distributed live load = >' ~ 3000 lbs. as against 

10 7 

2500 lbs. 

K. E. load. ‘ — X ^ 35^0 lbs. as against 2200 lbs. 


10 7 

■!> j 1 j 2x72x20 

Dead load. — = 1440 „ 

2 

Total dead and live load. =» 7090 lbs. 


1440 


6140 lbs. 


B. M. at centre 2836 ft. lbs. as against 2456 ft. lbs. 

5 

B M. at end due to cantilever 7090 X 1.3=9217 ft. lbs as against 8000 

ft. lbs. Stress^-- 830 lli-s. per sq. in. as against 720 lbs. 
oX 10' 

per sq. inch. 

Max.shear. -Q-- a= 105 lbs, per sq. inches against 90 lbs per sq. inch. 
00 

Page 145. 


8321 lbs. as against 7325 lbs. 


Saddle beam. 

Dead load =72x7x20 - 10080 lbs. 

Wt. of beam •= (8in. X loin. X 14ft.) -- 280 Ib.x. 

Live load (6 + 6.8) 1.2 X2240 > 1.15 395G7 lbs . 

49927 Ills, as against 43960 Ib.s. 

Load on each beam 

D 

B M. due to self wt = - = 540 ft lbs. as against 540 ft. ll's. 

B. M. due to live load ^ ■=•24963 ft. lbs as against 21975 ff- 1 ’**’- 

4 n . ,1 

Therefore total B. M. =306036 in. lbs as against 270180 in. lbs. 

Therefore f = lbs. pei sq. in. as against 1120 lbs. per 

240 « 

sq' in. 


On page 122 of the paper, the author f-tates that he does not know 
how the Indian Roads Congress Bridge Loadings have been derived. 
Attention is invited to pages 250 to 269 (and the platen) of (he Proceedings 
of the Congress, Vol. Ill, wherein the evolution of these loadings has 
been fully dealt with! 


It may be mentioned that the variation in the sti esses, as worked 
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out liy the ai thor ard as revised in the above notes, docs not materially 
affect the sccbons of ihe vaiious members. When dealing with the 
subject theoretically, it appears necessary that the calculations should be 
based on the coircct formulae and made to reasonal le accuracy. 

Mr R. Trevor Jones (Punjab) (Correspondence) : — 

As I shall be unable to attend the 8th Indian Roads Congress, 
I should like to write some notes on this paper. 

This paper is to my mind an extremely valuable contribution not 
only from the Punjab aspect, but as an example of what can be done 
with existing equipment to adapt it to modem conditions of loading. 
The boat bridge equipment which wc posses in die Punjab was originally 
designed by the famoi.s Geneial Sii Alexander Taylor verj’ many years 
ago and was no doubt all that was required to carry the loads then in 
existence. Mr. Kbanna h.is redesigned the bndge by the use of saddle 
loading, an improved tj pc of trussed beam, and has increased the sire of 
the ribs and the boats, to cariy a grocs load of 8 tons , but this is a war 
measure and has been satisfactoiily tned out for the past year or so. He 
has gone a step fur tber and now made it possible to adapt this existing 
boat bi idge equipment to cariy' IRC loading and has also evolved 
an idea of making the boats easily transportable That it is possible to 
develop and redesign this aichaic boat equipment to meet modem needs 
is to my mmd one of the most valuable features in this paper In India, 
as elsewhere, we arc trying to plan for post-war conditions Our greatest 
obstacles arc not so much natural and climatic conditions, difficulties of 
supply, political questions etc. but the unbending and insui passable 
obstacles placed m our way by tlic financial mmd. Road construction 
is not popular from the financial aspect It shows no return for the 
money expended. It is considered an unnccessar>' and almost luxurious 
expenditure of public money If this view is taken with regard to roads 
it infinitely more so obtains for bridges, as the latter arc far more expen- 
sive per foot run In the Punjab it is not an uncommon thing to find a 
perfectly' good arterial or trunk load severed in the middle because no bridge 
has ever been provided by the benign Government In fact the writer 
can testify that there were no permanent road bridges, w'licn he first came 
into service 30 y cars ago over any’ of the five main Punjab iiv'crs unless 
they happened to be combined with the railw ay crossing As in many 
other provinces, the Punj.sb is preparing a road scheme for post-war 
development Many of these roads require important bridges In fact 
in our present programme we want something like 40 major bridges to 
be constructed It is unhlcly that, even if it were possible to pierce 
financial resistance it would be practical to obtain siipphes of steel and 
cement in view of the enormous demands for building material imme- 
diately' at the end of the war or ev’cn sometime after Can we not, 
therefore, throw’ tcmpoiary bridges across these main rivers as is done in 
time of war hy the Royal Enginccis and make use of and adapt such 
temporary equipment and matciial as wc possess such permanent structures 
can be constructed^ It is here that I feel that the technical research 
rendered by the author is of the greatest value. There are disadvantages, 
as such temporary floating biidges arc vulnci able m flood time, but on 
some of the major Punjab rivers such bridges are kept open throughout 
the y'ear. The writer of this note has recently seen a great deal of Ameri- 
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can and British Aim-j pojiionns and it is possible that such equipment 
inipht be available for mil needs after the war. It would be excellent 
if this-wcic pos*.iblc as the equipment is of a most modern nature and will 
cany pi actically any loads likely to come on our toads; but it is not very 
piobtiblc that such facilities would be available 01 be financially welcomed 

Fuilhcrnioie immediate benefit fiom any Post-wai Development 
Schemes which needs must be comprehensive and thus involve the expen- 
diture of laigc sums of money cannot be c.\pcctcd, unless and until the 
main nveis and sticjims across them aic bridged. As the construction of 
these bridges must ncccssaiilv not only involve axpenditure of huge sums 
but must * also take considciablc lime, it may not always be 
possible to piovide pcimanent crossings at every place. Moi cover 
the II aflic needs at some of the crossings may not be such as 
to justily an expensive permanent crossing to be built for many years to 
some. In such cases it would be just as well to conserve that money 
and use it wheic it would justify itself and yield immediate benefits. 

The wotk ol the author in improving the design of the Boat Bridge 
to make it capable of canying modem intensities of liafiic and loads is 
therefore of considciablc value in any work ol post-wai development of 
loads in ibis country and would be found most intcicsting and useful. 

G.G. Khanna (Author) : — I am vcr>' grateful to Mr. Raghav'achar^' 
for working out the calculations for design of King Post Truss from 
first principles I agicc with his detailed analysis of sti esses These 
calculations will be a useful supplement to the paper. 

It will however be seen that values of sli esses woikcd out by 
me are not •materially diflercnl from those worked out by him Mi. 
Raghavachary has himself made a comparison and shown tliat differences 
arc trifling. Engineers who arc busy in office work, can safely use 
tlie formula given by me. 

I icgrct there has been slight mistake made by me in the Design 
of Saddle beams. Calculations made by Mr. Raghavachar>' are 
correct. 

I.Jt.C. Loading. 

As the Boat Bridge is to carry a single lane of traffic, the whole load, 
in my opinion, should be distributed over all the trussed beams. The 
entile live load will be distributed by planks on all the tiussed beams, 
therefore my calculations are correct. If the roadway were 8 feet only, 
will the loads on trussed beams be reduced proportionately ? 

Even accoiding to Mr. Raghavachary’s method, the sizes of mem- 
bers will not be materially diflerent from those woiked out by me 

I acknowledge with thanks the cncoui aging icmarks made by 
Mr. R. Trevor Jones, G.I.E., Chief Engineer, P.W.D., icgaiding my paper. 
Boat Bridge is bound to play an important part in the Post-War develop- 
ment of roads. Its initial cost is very low and therefore bridging of rivci s 
by boats will be a first step in the development of communication. \Vhcn 
1 1 alhc inei cases bullicicntly, boat bridge ,can be replaced by peimnncnt 
bridge. 
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’’SOME NOTES ON THE MAINTENANCE OP WATER BOUND 

IklAOADAM ROADS 

BY 

Rao Baicadub a. Lakshmikabayaka Rao, B.A., B.E., 
Superintending Engineer, Special Roads Circle, Chepauk, Madras. 


1. Introductory. 

Funds available for constructing and maintaining roads oro at 
present very inadequate, and with competing demands of various other 
but more clamorous nation-building activities, more funds are not likely 
to be provided by the Authorities controlling finance. All the available 
intelligence and industry should therefore be directed to make the present 
allotments go a longer way by avoiding uneconomical and wasteful 
methods and by drawing up correct programmes. An attempt will be 
made in this paper to give a few ideas as to liow this can bo done in the 
case of rural roads, though some aspects may apply to urban areas also. 

2. Providing proper types and widths to roads. 

Any section of a road should bo so maintained as to efficiently oariy 
the , traffic on it. Water Bound Macadam can bear traffic only up to a 
limited extent With increased widths, (two lanes or three lanes), it can 
carry heavier traffic. But generally, for very heavy traffic, a higher typo 
of road is necessary and economical. By working out the amounts spent 
on uneconomical methods for a period of say 10 yeans, the Road Engineer 
should show how fluids spent on maintonanee of bad types can bo saved. 
Grants should be distributed not on a territorial but on a traffic basis. 
Short lengths of correct types should be also oon.struoted for comparative 
study, thus educating the administrations controlling funds. In short, 
the Road Engineer has to strive and create what may be called road 
appetite in the public. 

3. Economic thickness of renewals. 

It is well knoivn that the cost of renewals varies directly with the 
quality and quantity (thickness of renewol) of metal used, as the cost 
of picking and con.solidation is nearly a constant figure. Hence the 
thiclcncss of renewals should be the economic minimum, depending on the 
thickness and nature of the existing crust. A regular renewal of 2 inches 
or 3 inches once in 2 or 3 years is not necessarily the best way and often 
gradually raises the level of roads, to on un-dosirable extent, especially 
over long bridges increasing the dead weight of the bridge. Where there is a 
metal crust of 6 inches or more, it is unnecessary to have renewals thicker 
than H inches with hard metal of inches I.R.C. Gauge. In such cases, 
it is enough to thoroughly pick up the existing crust to a depth of 2 inches; 
remove the excavated stuif on to the berms ; pick and section the bottom; 
screen and collect good metal from the picked stuff, and spread it back 


*'Duo to shorlago of paper, tho original paper lias been Bomowhat abridged. 
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on the road, and then spread new metal to a depth of li inches. The 
total depth of the old and new metal will l)e nearly 2} niches loo=e and 
2 inelieti Mhen well consolidated Thus Ics? metal is used, making the roiic- 
tral less costly. Also, the lond level is not rni'-od This will not applj' 
to softer metal, ns there \nll not be much useful stufT from the picked 
surface The thickness of the renewal may then he 3 inches. 

4. Quality of metal to be used. 

In localities where quarries yicldinss good hard metal like granite, 
gneiss, trap, etc , arc eauly available, there is no quc'tion of the selection of 
proper qiiarriC'. There is also no difficulty in localities where soft varie- 
ties like kunker and Intcnte alone are nv.iilil)le and the traffic on the 
roads is light. Tlio trouble arises ■where harder varietiea of metal arc 
necossarj’ for the traffic, but are co'itly and have to he imported from 
long distances by carta, lioats or rail and ‘•ofter varieties .ire clic.ap. In 
hucli cases, mi examination of relative costs on the following lines is 
nccessnrj- : 

If Gh is the cost of 100 cu ft of hard inctnl 
Cs „ ,, Soft inetel 

Cg „ „ gravel 

the cost in rupees for renewal of one furlong of road 12 ft -wide will i>c 

(1) for a 2 in. renewal svith bard stone 13 2 C!i -*-00 + 4 4 Cg 

(2) for a 3 in. renewal with soft metal 19 S 03+00^-4 4 Ci; 

This assumes that the cost of eonsolidalioii cxeluding cost of materials 
is Rs, 60/* per furlong for n 3 m rcncw.al with soft metal, or a 2 m hard 
metal rccoat and that n« much praa'cl is used for both itiese types of 
renewals. Assuming the life of n hard tj'pe of nictil is at least twice ns 
much as that of a soft type, and with an nvcraec cost of Rs 4/- per 100 
cu ft of gravel, the substituHon of hard metal for soft metal i’^ not 
more costly if— 

13 2Ch + 60 4 4Cg is not more than 2 (19 8Cs + 00 + 4 4Cg) 

or Ch is not more than 3Cs 6 

It, therefore, follows that ns long as hard metal does not cost more 
then three times that of soft metal, it is economical to go in for haid 
metal Also, after some time, renewal-, with hard metals can bo reduced 
to 14 inches .is state 1 in parn-3 Adoption of a Inrtler type of 
metal will he all the inoro oconoinieal in the long run. iwen when 
the cost of hard metal is 3 times th it of the soft one It is needless 
to observe that where thi-, oast is less than 3 times the cost of the 
soft variety, hard metal should be preferred. 

5. Cambre 

The cambre or cross slope should be s-uoli as to enable the rain 
water to flow to the sides and thus to keep the subsoil dry and hard 
Water stagnatmg on the road, soaks through the metal crust, moistens 
and softens the subgrade forming pot holes Under heavy traffic, the crust 
also wears out more quickly if the surface is avet. 
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The Road Research Laboratory of tlu* Department of Scientific 
and Industrial Researcli, in co-operation with the Ministry of Transport, 
recommend a cross fall of 1 in 30 for Water Bound Macadam (plain 
or surface dicssed), A cross fall of 1 in 48 to 1 m 3G is the least 
that can be adopted for the conditions pievailing in this coimtr}', the 
former for areas with less intensity of rainfall and the latter in areas 
whore cyclonic out-bursts aie common. 

6 Berms 

Well maintained bcims 7 to 8 feet wide are good adjuncts to 
a. heavily trafficked load paiticular] 3 '’ when the metalled width is onty 
12 ft. They will enable vehicles to cross and overtake each other 
easily, entice traffic dining the dry season and provide a diversion 
route duiing the iiciiod ot consolidation But beiins wider than 7 or 
8 feet are very costly to maintain aud also not necessary, as their 
maintenanee will be at the expense of the main road. These bcims 
should also have good cross .slope so that rain water may not stagnate, 
soak into the berms, rendciing them unfit for use by traffic. The 
slope should be 1 in 36 in tlic cn^e of hard and compact soils, and 
1 in 24 in the oasc of soft soils Gullies in the berms should be 
promptly closed. The sides of the berms should have a slope of li 
to 1 in gravel!}' .soils and 2 to 1 in soft soils Growth of turf should 
be encouraged on the slopes and the top of berms by planting turf 
pods in rainy season. 'rim grass should not also bo allowed to bo 
scraped by villagers. The vicious practice of stacking metal on the 
berms should be put down 

7. Consolidation of renewals 

The cost of consolidation ivill generallj' bo not more than one- 
third of the cost of materials, but if consolidation be not jiroperly 
done, the value of both collection and eonsolidatioii is lost. Roughly 
Jth orore of rupees arc spent on load maintenance m Madras and 
it may not be lar wrong, if it be esliimated, i.liat (J crores of iiijices 
are spent in the whoh of India on road maintenance Yet it will not 
be an exaggeration, if it be stated, that this work ol consolidation 
does not receive, at the hands of supcrvisor.s one-tenth the attention 
it desoivos When a bridge or building is under construction, the 
Divisional Officer, the Sub-Divisional Officer, and the Supoi visor, all 
pay close and careful attention to every detail of ivoilr and see that 
the specifications are strictly enforced. 'Die same cannot, however, be 
stated of road works, such as picking and lolling, though the coonomic use 
of large amounis on ruiid.s depends on these two oporntinns. Spcoifications 
drawn uji for picking up tlic road Huifacu, 8])rcading metal, lolIing etc 
should be observed carefully. For haid tj'pcs of metal, rolling should 
be adequate. The roller must bo run on each foot width of road 
at lesBt 30 times 'Phis requires that foi a metalled width of 12 ft., 
with a roller 6 ft 4 in. wido, 00 trips should be made in all. The 
average speed of a i oiler on the road is about a mile an hour and 
it Avould ordiiMiily take 12 houis of rolling to Uioroughl}' consolidate 
a furlong of hard metalled road and officers should onsiiro that this 
rolling is actually done for tlio required number of hours. In this 
connection, it is suggested that speedometers showing the total distance 
travelled be fixed to caoli roller to obcck the rolling done. 
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Tho weight of a lollci used for consolidation thould depend on 
tlic quality of metal used. Softer varieties like kunkor and latente 
icquire lighter lollera, or tho metal will be erushed to powder and 
not got consolidated Ilaidoi vaiictics of metal like granite icquiro 
heavier i oilers. 

Water should be coricctly used dining consolidation. Too much 
watering is ns bad ns too little W'nteiing, In the cnilier stages when 
lolling IS done on metal, water .should be just siiiTicient to kec]) the 
subgradc moist so that the hoggin below may i iso up helping the inter- 
locking of metal Gravel should not bn spicad until the intcilocking 
of metal is complete It is laid down in almost all spccificat ions that 
giavcl .should not be spread till tlio rolling over iiietnl is so thoroughly 
done that there is no cicep in the metal wlion the roller jiasses ovei 
it, 01 a laden out can pass over the Mirface without making n gioove 
'Phis IS not nlwaj’s observed, and contraetora are prone to throw 
gravel on the incomjilelelv-i oiled metal surface. Spicading of ginvel 
before tho consolidation of inclal is thorough, will result in a mass 
of imid-stonc-concrctc picscnting a false smoolli siiifaeu toiiijiorniily 
Its tine wo.ikncss will be exhibited after a short time Gravel is soon 
powdcied by tinlBc and blown off by the winds and fast motor traflic, 
and a knobby surface oi a wirfacc of iloating blones soon t-hows itself, 
neither of which is welcomed by Irnflie Tho mii face aeon becomes rough 
and all the money spent on tho lenew'ni will not liavi* been iisefiillj’ spent 

8 Drainage. 

Tlie jimpei iiiaiiilemuiue of a load in tlio laiiiy season depend- 
very much outlie .rtlontion |i.iid to the dispe-.i! of the drainage from 
the Sides of a io.id Ruadb do not always run on ridges and have 
to lie pioteuted from the damages that will be cau.sed to them by 
the mill water flowing eitlioi over the road nr along it Wliere tliere 
me no culverts oi liiidges, rniu w'ntcr has to be led away mtclligeiitly to 
low natural diniimge- Iii sloping oi lliroiigb hilly country, witliaerios 
of ups and dow'iis, mm walci .should not be allo wed to How along I In* 
io.id A clogged diain ea-dv (••lusos ovctflow and diiiiiiige to tho surface 
Any amount of attention paid to the metal Mirface woll not bo of much 
avail if adequate attention is not paid to drainage In distributing 
the allotments giv'eii to a ro.ul, suflioient provision should bo made for 
jiropei maintcnanco of the drains, and tho Engiiieei in charge slimild 
see that the-e diainage woiks aie oxeeuled in tunc 

9 Gang coolies for patch repairs and miscellaneous works. 

The old saying that "A alitch in time saves nine’ ' applies with 
great appiopiiatoncss to roads. The cinhryo pot hnlo, if promptly patched 
up, saves the road from developing large pot holes thus postponing 
tho renewals for some more tunc 'I’lmely blinding with proper inatorials 
aflci watering the surface will jircvent the breaking up of the metal 
besides maintaining a smooth riding mirface free from knobs, .md timely 
attention to diains and gullies will prevent damage to road, iilliniately 
saving largo amounts Those and oUier potty works to be attended 
to on a road require the einployinent of a set of gang coolie-. It is false 
economy to dispense with tho sei vires oftlieso gang coolies to save money 
for collecting grcatei quantities of metal oi for roncwiiig a grcatci number 
of furlongs. 
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10. Allotment required for the annual maintenance of Water Bound 

Macadam Surface. 

Boads should be taken up for maintenance only after they are 
propeily constructed An ill-built rood thrown open hastily for traffic is 
alwaj's bound to cost large amounts on maintenance. 

The amount required for mamtaining a well- constructed road depends 
on : — 


(1) traffic intensity, 

(2) life (in years) of the available metal under the traffic conditions, 

(3) cost of metal, 

(4) ramfall and toxiographical conditions of the country. 

In addition, a certain allotment is also necessary for minor main* 
tcnance such as patch repairs, closing up of gullies, clearing drainages etc. 

Taking the life of a in. coat of renewal with hard metal as 

4 years for traffic upto 200 tons per day ; 

3 3'cars for traffic from 201 tons to -500 tons per day ; 

2 years for traffic from 601 tons to 800 tons per day , 

the following empirical formula has been evolved by the author based on 
his experience in the Madras Presidency. This has been found to give 
fairly accurate results with a margin of 10 per cent. 

A - ( -I- 12 ) -1- -- -1- 60 

where A is the allotment in rupees icquiied per mile per annum, 

C is the cost in rupees of 100 cu ft. of metal, 

T is the daily intensity of traffic in tons. 

11. The intention of the author in presenting these notes before an 
eminent body of Engineers is only to focuss attention to the potty details 
which are often overlooked but which go a long way in securing lasting 
and economical road maintenance thereby increasing the "road-rupoc 
ratio”. 
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Monday^ October dth, 

, Mr. Vesugar (Chairman) : — f call upon Mr. Lakshminarayana Rao 
to introduce his paper “Some notes on the maintenance of water-bound 
macadam roads”. 

The above paper was taken as read. 

Discussion. 

Mr. K. S. Raghavachaiy introducing the papci icad the folloAving 
note on behalf of the author : — 

f 

I rcgiet very much that exigencies of service prevent me from 
introducing this paper before you in person and I apologise to the Indian 
Roads Congress for the same. 1 have requested Mr. Raghavachary to 
kindly introduce the papei on mj behalf. My sole object in submitting 
the paper is to focuss the attention of the Road Engineers to the possibility 
of greater attention being paid lay the officers to consolidation and to 
plead that more attention will go a fairly long way in increasing the 
Road-Rupcc-Ratio. An attempt has been made to show how, by adopting 
economic, icncwals, gicatcr milage of roads can be maintained in a 
better condition. 

The following''criors in printing may please be coricctcd : — 

(1) page 15 1 (3) in the 6th line after the words “the best way” 
the words “of maintaining a load” may be inserted. 

(2) In Page 155, the bracket has to come aftci C and not befoie 
C. The formulat should read as 

Mr. N. T. Giiaiiaprakasam (Madras) : — 

Gamble. The cross fall of i in 30, suggested for walci -bound 
macadam, appears- to be far too much One of the factors to be consi- 
dered in deciding the cambre is the nature of material used in making 
up the load. On the whole for metalled roads, a cross fall of i in 
48 to I in 72 appears to be sufficient. A flatter cross slope gives scope for 
better distribution of traffic and 1 educes the tendency for rut formation 
which is more evident with steeper cross slopes. 

The learned Authoi suggested 'the cncouiagcmcnt of tuif-growing 
on berms. It is common experience that .is long as there is any turf or 
grass glowing on the berm, tiaffic avoids the margins. It is probably 
better to have the margins clear of everything including grass. 

No mention has been made of gravelling of berms which is a very 
important item in the upkeep of roads. It not only helps to make the 

i The foimula as printed on page 155 is as originally given b> the author in Ins 
paper — Ed, 
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bet ms occasionally tiaflicablc but also helps to proloni' the life of the 
load A stretch of road w'hich has its margins gravelled simultaneously 
with Its icncwal. lasts much longct and piovidcs a much belter suifacc 
than a stretch where the margins are not gravelled especially in black 
cotton soils The slight expenditure involved in giavelhng the berms is 
moic than justified bv the extia life and hettci suifacc we secuic 

fon'toUthti'm — It is staled that a i oiler would icqunc to make go 
tups in ordci to coscr each foot width 30 times But 70 trips of the 
1 oiler would be enough to cover the whole widtli thii ty times The time 
required which is stated to be is hours is also too inurli and about 9 
hoiii s should be enough to do the 70 Inps 

The idea of a speedometer is an e.\ccllcnt one and should commend 
itself to Road Engineers who have at present no efTeclivc means of 
checking the amount of rolling done 

Mr. T. Lokanatha Mudaliar (Madras) : — ^W^atcr-bound Macadam 
IS the translation of rock from quain to road, thioiigli the piacticablc 
method of taking the broken lock and resetting it on the loadf' while 
resetting, our attempt is to place the broken stone on the road in as 
compact a mannci . as possible, 1 educing the voids to a minimum, and 
filling the inevitable voids with something which will stay put, and to 
make the flattest and smoothest faces of the broken stone form the 
wearing top silt face, by a piocess spoken of ns consolidation The 1 oiler 
is today the most popular tool for this consolidation. In efTect our 
attempt is to make a stonc-cum-giavel concrete, with a smooth stone- 
finish. The heavy 1 oiler adjusts the stones to a co-opeiativc compactness 
(you may call it interlocking, if you like), and tilts the stones by their 
sharp comers until the stones arc having their flat faces upturned. The 
fbnetion of the rollei is not to bicak, ciush, or othciwise injuic the 
stones The function of the binder is to fill up the voids, and in a way, 
also to bind the stones The binder, however, should not keep stone 
apart from its neighboui If this is propeily done, there should not be 

( I ) WJieel ruts which appear m the vci y first ivcck after consoli- 
dation, 

(aj those eoriugations which icmind us of a sea-voyage, 

(3) ’ those pot-holes indicative of soft subgiadc 01 scanipy lolling, 

(4) that 1 oughness and bicak-up which is the tvic mainifactuici's 
friend, and country’s enemt . 

About 75 pel cent, of oui svaier-bound macadam loads may be 
seen to be allowed to fail m one or moi c of the four ways mentioned 
above. This, you will agicc, is not Isccausc of the impossibility of 
achieving the desired result, but because of the contempt^ and neglect 
born of faniiliaiity Many think that the ihmg is so simple that a 
load cooly can make ; perhaps he will, if left entirely to his good sense 
and knowledge of the local materials and weather The fact is that 
the veiy road engineer who is responsible for making and maintaining 
the water-bound macadam does not realise that it icquires the knowledge 
of a scientist, and the skill of a jcwcllci; tliat it is not meicly 
a formal mattet of leducinq the trapezoidal section of the metal heap 
to a rough rectangular, rhomboidal, double convex, plano-convex, 01 
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conca\o-comck. section on the road I am afiaid we are too complaccntj 
or put it down to a soit of Engineering Kismet, when we see the 
^vatcr-bound macadam fail uiidci traffic of less than 300 tons per day. 
In our Road Congress, meetings, wc devote little time to this vast, 
and inescapable subject, or only as much time, peihaps, as talk about 
God usually occupies among the discourses of Theologians who, 
for mundane icasons, arc mote absorbed in the means of holding then 
congicgations interested in the theologian himself lather than m 
God. Wc have, therefore, good reason to have the jsaper under discussion, 
all the more so, as it conics fiom one whose haiangucs on the black-top 
have lung in the Roads Congicss meetings erstwhile ; may be this is 
due to his having to turn, however icluctantly, to this water-bound 
macadam in the absence of those bands which used to black-dot 
some of our roads; or, may be due to the fact that in his province, 
a new Chief Engineer, a Mac has come to le-apostolatc Mac-Adam, - who 
is mighty keen on getting the best out of the inevitable water-bound 
macadam. 

Theic seems to be a fallacy among the load engineers that the 
higher they aic placed, the highci should be the figures in which 
to think of load making. Tiifies pass beneath their notice. Wc have 
seen rich people discaiding cheap pot-hcibs and leafy vegetables as 
too cheap for thcii fat puiscs; and then visiting costly clinics, and luxurious 
invalid homes. Likewise the high Highway Engineer, endowed with a 
costly wcll-spiung car, is keen only on speed, bituminous surfaces and so 
forth. What grinding the bullock cart is obliged to make on a rough 
toad, what silent suffering the poor draught animal iindeigoes when 
the cartman leads it to its eaily grave, is not noticed by him. His 
questions aie--what is the 1 otati on of renewal ? When was this parti- 
cular mile last renewed i* You say your estimates for renewals were 
turned down for want of funds; why do these wictchcd villagers 
want so many new loads to staivc the existing ones, and when we 

can’t have a single load in the district decent enough even to 

get a petty loily mUc-an-hour drive on this powciful car which beams 
with a dial showing too, all for nothing. He thus passes from one 
c.xcitcd thought to another. Docs he stop a while to think what it is that 
keeps the surface in eternal ruin ^ Has he walked by the side of 

a heavily loaded cait watching its rumble-tumble progress.^ Has 

he noticed how, when there is a hump,, the hit and fall of the wheel 
makes for two new pot holes, how when the wheel gets on to a 
knobby stone that side of the caiL is lifted by an inch or so, how 
the bullock will with a sneer avoid the rough unblindcd road as poison 
(some may ironically say that this works foi welcome segregation).^ 
Has he noticed that on a stictch with a heavy cambre, the bullocks 
keep up the regulation of yoke pressure by keeping to the 01 own, causing 
deep whcel-nits, if, and when he does notice 

Mr. Ali Ahmod (Assam) : — On page 154 the author has stated in 
paiagiaphgof the paper “Timely blinding with proper materials after 
watering the surface will prevent the breaking up of the metal besides 
maintaining a smooth riding suifacc ficc from knobs”. I wish to lay 
emphasis on this as this method was found very useful in Assam to 
prevent ravelling of metalled surface under motor traffic. In case of 
the Dibrugarh-Khowang road wheic the road metal used is of a very 
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hard type broken from f-obo bouldcis brought out of the bed of the 
Biahniapuli-a, it was found that within few months alter periodical 
consohdalion, metal wnuld come out and the road would become 
execrable. This was dealt ivith by watering and spi ending loamv 
earth along the tracks, and this being done regularly by road ganfs. 
It was found that no unravelling occutred due to the suction effect 
of motor car tyres The road was kept in good condition by this 
piocess, which is now generally adopted over all water- bound macadam 
roads in the province. 

The expedient of u.<img less metal in the lencwal coats but 
nicieasing the frequency of rolling was also found successful in giving 
a better nding surface Oui cxpeiience in Assam differs, therefore, 
fiom that of Mi Ahmed Miiza in Hyderabad who advocates 
a greater tliickncss of metal and longci intervals of consolidation I 
do not quite understand what is Ins definition of dead metal as 
opposed to live metal, but picking up the old suiface and re-using 
old metal, with new metal added to it, has not piovcd defective 
in practice, and rt would involve a good deal of waste if a consi- 
deiablc proportion of old metal is to be i ejected after the siirfacc is 
picked up foi giving a i cnerval coat 

One of the spcakeis has advocated a flat surface foi hill roads. 
Assam has many hill lOads such as the Dimapui -Manipur Road, the 
Gauhati-Shillong Road, the Slnnong-Syllicl Road, and on all these 
loads the suiface is cambcicd in the ordinaiy way. A flat surface 
IS undesirable as the tendency of rain water would be to run along 
the road svhich can only do harm and came mconvenicncc to traffic 


CORRESPONDENCE, 


Mr. M A. Mirza, Hyderabad (Deccan) r—Rao Bahadui A Lakshmi- 
narayaiia Rao iiiust be coiigiatulaicd on bringing up foi discussion a 

subject matter of such vital impoitancc to Road Enginccis in India and, 

yet, which has received hitherto only the scantiest of attention. 


Barnng a few honourable exceptions, the road systems of India con- 
sist mostly of wntci -.bound macadam surfacing These i oads arc maintain- 
ed on cmpcncaBy fixed maintenance grants although they vary for each 
class of road. Those who have had to do with the maintenance of roads 
will coil oboi ate me when I say that tliis system may be appi-oximately 
coirec but there arc occasions when Uic maintenance grant citlrei prows 
in excess ol the actual requirements of the road or in deficit lb cover in 

full the spTCified rotational IcngUi. Foi instance, a 2 nd class metalled 

for at lesser lead, the soil 

water foi consolidation 
intensity of traffic 

d.P of icncwal, in such a ease, is natuially vciy low 

icveiscd, the frequency of lencwal is at once 
falls slioit to cover the speaficd 

the Said Sdr, deteriorates and can only be brought back to 

the standard undei speaal repair csUinatc. This process is recurring. To 
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remove this iiiiomaly, the maintenance giants for loads should be deter- 
mined oil a'latioiial basis. What this lational basis can be might be 
described as follows : — 

The entile length of the load should be split up into sections having 
diiTcicnt intcnsitic.s of traflic. An estimate should be fiaincd for the 
entile reconstruction of each section. With due regaid to the quality of 
metal and'thc intcnsit> of tiaflic upon the section, the lotational period lot 
the renewal of sui facing should be li^ed by obseiving the behaviour of 
these or similar stretches The total amount of the icconstruction esti- 
mate divided by the rotational period will give the avciagc giant pci 
annum per mile for the section. Tlius the total gi ant W'hich will maintain 
the surfacing efTicicntly for the entile length of the load can be arrived 
.at. To this may be added tlie piovision ior pntcli mpahs, blindage, jcpah.s 
to masonry w’orks, and white-washing of mile, fuilohg, boundaiy, cuivc, 
and guaiti stones. 

, This Rational Basis of fixing the maintenance grant for loads calls 
foi tlic rationalisation of the system of the letting out of contracts foi 
the maintenance of roads. The annual letting out of the contracts causes 
delay in the starting and completion ofwoilc. Instead, if the contiacts 
aie let out foi a section foi the full rotational period, the timely comple- 
tion of work would be guaranteed, the conli actor will feel secure and 
tender lower rates, tlic labour ^^ould be paid licttcr wages in view of the 
long range pi ogiaramc and the “lip and urn” tactic.s of the contracloi 
W'ould become absolute anathema. It is high time that the Indian Roads 
Congress takes up these questions and lays dow’ii the gcncial outlines foi 
the organisation and adminisliation of loads undci maintenance. 

As rcgaids the foimula given by the Rao Bahadui at the end of his 
papci', I am afraid the rotational peiiod and the intensity of liafllc fixed 
by him aie both low. Fiisl of all, it is problematical whcthei icconstruc- 
tion with I h in. new metal is really eflcctive. I ha\'c had some cxpcricncr. 
of it and my own impiession is that by mixing the "live” metal with 
“dead” metal, the efficiency of new metal is wasted. Any thickness of 
icnewal coat less than 3 inches is next to useless. 

Tlic foimula given by him was tested on tivo loads of H.K.H. the 
Nizam’s P.W.D. w'hcic renewals ate undertaken ivith 3 inch coals. The 
lesult is as follows ; — 

AURANGABAD-JALGAON ROAD. 

Daily intensity of traffic ■= 254. tons. 

Cost of metal (haid trap) = "^B.C. Rs. 7.7- per 100 ou. ft. 

31 rp 

-4 = {C — -1- 12 ) -f-^ .{- 50 

= 7.7 X ^ + la -f- -{- 50 

= B.G. Rs. 243/- or O.S. Rs, 284/- 

Thc maintenance giant per mile is O.S. Rs. 540/- assuming 5 of it for 


• B.G. lls. ioo/-=O.S. Rs, 1 16/10/8. 
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reconstruction and Jid fot othei items, tlic (^ranlfor ij inch co.iL Avould br 

i (5*10 X l) + (540 ^ 1 ) 
or O.S. Rs. 360^ 01 B.G Rs 300/- 


HYDERABAD-SHOLAPUR ROAD. 


Daily intensity of tiaffic =■ 126.11011s. 

Cost of metal fliaid granite) = B G Rs 115 pci 100 eii R 


For the sake of argument, maximum intensity of ti.iilic has been 
assumed as 800 tons in place of tlic aclunl 1264 tons 

(C^ + ia )+-- + 30 
t 5 3 

= ( ii-jXr.- +t2 )+ — +50 
5 

= B. G Rs. 835/- or O. S. Rs. 974/- 


Thc maintenance grant pei mile is O S. Rs 670/- The allotvancc foi 
1 1 inch coat, as above, tvoiKs out as O S. Rs, 147/-. In one ease the 
lesultis in dcRcit by 2i pci cent and in the otlici in excess by 118 
pci cent 


It is not foi me to sa^ what is the standaid of maintenance of loads 
inH)deiabad Slate Those ol the gentlemen piesciit who liavc had 
occasion to tiaxcl along these toads will please speak out 

Mr, J T. Mehta (Bhavnaf^r) The papci is vet 5 interesting and 
m these dayx when cuts aic made c\cn on inadequate maintenance giants, 
It is w'cll to emphasise ccitain important points in maintenance of Roads, 
sshicli IS generally IcR to subordinates to look afia. As stated in pat a- 
giapli 7, piopcr consolidation is impoi t.int It was pointed out at the 
meeting of the tst Indian Ronds Congicss by Mr G.A M. Brown that in 
NW.F Province, loads stood up to heavy bullock call tiaffic due to the 
excellent quality of sionc and piopci consolidation The author also 
ai lives at the fact that 600 cu ft. to Boo cu ft. of haul metal can be pto- 
perly consolidated pei day by a power lollci, w'hcicas the Bombay P.IV.D. 
Hand Book still maintains in the notes foi the guidance of suboidinatc 
staff that one futlong of metal 1 6 ft wide 3 in. thick should be consoli- 
dated by a pow'ci 1 oiler per dav. 

Auothci point IS about the walci used in the earlier stages of 
consolidation. The authoi rightly points out lh.u w'alcr should be just 
suilicient to keep the sub-giadc moist xvhcrcas in the notes by tlic Bombav 
PIV.D. free Hooding with water w advi'-cd I tlnnl: such obsolete 
specification should be w'lthdiaw'n 

As icgaids paia. 4, I base seen on this side, soft wcalhcicd and 
decomposed metal being collected when good haid bas.ilt stone metal w'as 
available at twice the price. The cost of consolidating the latter srould 
have been 1.6 limes that for the formci oi ifeni of haid metal be used 
for 3 in of soft metal the cost wrould have been equal. It ccitainlyis 
false economy to have more miles icsui faced with such weathered and 
soft metal. 
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Road maintenance giants in oui State arc distributed cquallv ovei 
several miles of a toad. The tialfie intensity on a load near urban areas 
is natually high and it is smely a sound piinciplc to distubute the grants 
on traflic basis. 

Lastly in para, g the autlior says that it is ialsc economy to dispense 
with the services of gang coolies in ordci to renew a gi cat numbci of 
furlongs, but the percentage of allotment to be used for such purposes 
is not mentioned and it rathci appears that the tendency is more to fritter 
away expenses on ordinal y rcpaiis Whatever percentage is set aside 
for ordinary maintenance ^\’ork should be added to the annual renewal 
cost for arriving at the proper allotment per mile, which is generally not 
done. Instead a lump sum of Rs 100/- to Rs aoo'- is added for ordinary 
maintenance which gives erroneous results. 

# 

Mr, A. Laksliminarayana Rao (Author) : — 

Reply to Mr, .T.T Mehta (Uhasmagar) 

I agree with Mr. Mehta (hat steam road 1 oiler cannot consolidate 
eHiciently one futlong of metal ifi ft wide and 3 ins. thick in a day. 

With legard to the suggestion that a paiticular percentage lie set 
aside for gang coolies, it has to be stated that gang coolies have to be 
paid on out-turn and should be entrusted with the fallowing works : — 

(1) Patch repairs to metalled surface. 

(2) Closing gullies on the sides of the road caused by monsoon. 

(3) Cleat ing drains and culverts. 

{4) Blinding the road suiface with gravel or giavclly earth when it 
is laid bare by winds 

(5) Miscellaneous works of a petty nature. 

The percentage of expenditure that can be incurred on gang coolies 
depends on the allotment that is given to 1 oads. . Where the allotments 
are low and not proportionate to the traffic requirements, the road 
cngincci has to cut liis cOat according to the cloth and to adjust his 
allotment so that gang coolic.s may be maintained at least duiing the 
rainy season and essential work ma;^ be done. 

Reply to Mr M.A. Mirza, Hyderabad (Deccan): — 

I thank Mi . Mirza foi the compliment paid to me and agree with 
him that allotmenfs to roads should be fixed on a Rational basis. 

With leferencc to his doubts legarding the efficacy of lA in. renewals, 
T have to state that I got thousands of furlongs renewed successfully with 
rA in renewals but the specification fof picking should be on the following 
lines: — 

( 1 ) Pick the road surface 2 ins. deep thoroughly. 

(2) Remove the picked up stuff over the inner berms. 

■ (3) Rcpick the suiface I to i inch. 

(4) Section the surface to the icquircd cambre. 

fg) From the picked up stuff thrown on tlTc berms collect all metal 
over A in. size by hand^ 
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(6) Spread on tlip picked road 

(7) Hand pack to the required cambre. 

(8) Spread new metal owr the surface formed by process in the 

pievious item. 

(g) Then begin the rolling. 

The new and old metal is found to be at least 2^ in. thick on the 
average in many cases and the consolidation then becomes one of a layer 
of 2^ inches Wheic the metal is good the picking sometimes gi\es 
inch layci of metal and the consolidation then becomes one of a layer of 
3 inches. 

The formula for allotments *— 

I am sorr}' the punters’ mistake has given lesults wide of the mark 
The biacket has been put before ‘C’ wiiich it should have been aftci ‘C’. 
Regarding Hydcrabad-Sholapiir Road, it must be stated that if a road 
with 1264 tons of trafHc per diem is maintained in an cflicicnt state ivith an 
allotment of O.S Rs 670 or B G Rs, 574^- it is a matter for congratula- 
tion to the ofliccis conccined A study of the relative propordon of 
pneumatic tyred tiaflic and iron tyicd tiafiic may perhaps reveal much 
information for studs The standard aimed at may be different. 

I must, hosvevci , mention that the formula is an empirical one, not 
intended to be mathematically accuiatc but to give rough results foi 
general guidance in fixing allotments. 




I’APEil NO. H~194S. 


AN ABSTRACT* OF PAPER ON 
A SUBMERSIBLE BRIDGE OVER 
THE UJH RIVER IN JAMMU PROVINCE 


liY 

Mb. S. B. Tayabji, i s.e., (betibed), 
A.Mi.o.E., H.IE. (India), 

Chief JiJnginur, Jammu «£; Kashmir State, Si inagar. 


Tlie Ujh river crosses the mam roiid connecting Jnniniu, the winter 
Headquarters of the Jammu and Kashmir Government, and Kathua, an 
important town. It is at present nnbridged. The road runs in a 
submontane track and though there are several other unbndged streams, 
crossing this important road, this river causes the longest interruption 
holding up traffic for a continuous period of over tliree months froip the 
middle of July. The catchment area at the site of the crossing, which is 
about 7 miles to the south west of Kathua, is estimated to be 376 square 
miles with a calculated maximum flood dischaigc of about 26,000 cubic 
feet per second. The river hero divides itself into four liranclies, separated 
bj' stretches of high mounds. These bianelich do not shift their coiiises 
more than a few score of feet in any paiticulnr season. 

2. High level bridges \vcre considered, but given up as piohibitive, 
the estimated cost being several lakhs even at pre-war rates A low' 
mossing was, however, considered sufficient, as high floods arc only for 
.short peiiods. The present design is for a sabraor.sible budge of reinforced 
concrete with spans of 20 feet clear and 23 ft centre to ccntie of piers. 
The deck level is kept two feet below the normal high flood level, such as 
occiiis only for a few' days in a year. Thoio aie 34 spans of 4 sets of 10,8,9 
and 7 spans over the different bianohcs The details of tlie superstructure 
and substructure are given in the plates attached. The superstructure 
consists of Reinforced conoio1>e slabs which are continuous over 3 and 4 
spans. These slabs are 121 inches thick and designed for an 8-ton roller 
(10 tons in w'orking trim) with an impact of 26 per cent. The elear w'idth 
of the roadway is 12 feet betw'cen guard lails. The noses of the slab, both 
upstream and downstream, arc streamlined to cause minimum obstruction 
to the flood. Reinforced concrete guaid posts are provided over the piers 
and midway between them with holes in them to take in guard rails in the 
fair season. 

3. The foundations adopted for this bridge are peculiar and deservo 
special mention. The foundations are proposed to bo taken to six feet 
below the lowest bed, which is about a foot below' the expected scour 
level. Heavy springs w'eie also expected and as large pumps were not 
readily available, it w-as proposed to provide "Club Feet" to about 6 fecii 
below the foundation level for holding down tlie picr.s in the event of the 
scour extending locally to greater depths. 

The original paper is available in the oQloe of the Indian Roads Congress for 
roforenco. 
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The “Club Feet” are to con<!i&t of leiofoiccd coiiercto oylindora 18 
inches in diameter terminating in 3 feet sphciical bulb-i, the ■steins being 
3 feet long The total length of this “Club Feet” will lie 6 feet. There aio 
to be two in each pici , prc-cast and lowered into pits dug below the bottom 
of the pier foundations They mi»ht also bo cast hollow and filled in 
with cement conci etc alter they arc lowered into position, the outside 
being packed round with cement concrete and boulders The iciniot cement 
of stems will be let into the slab to be laid over these at the bottom of 
the pier foundations. The details arc shown in plate No 2. Tlie Author 
considers that the weight of the pici would thus be taken up by the "Club 
Feet”, wcie the boulders ever get displaced to such depth. 

4. Tlie woik is reported to be in progress and so far the niilioipatcd 
foundation difficult}' icfeiicd to in the previous paragraph has not niisen 
By diverting the comi.e of the blanches during oonstniction, it has liecn 
found possible to lree]i Iho foundation bcdi clear of irntei. In place of the 
proposed "Club Feet”, thcreiore, plain eeinent coiieroLc cyliiidcrn bavoliceii 
laid in situ. Tho details of llio woiks so i>ir executed are also shown in 
plate No. 2 

fi. Training woiks to confine the diffeient bianchei to llieir present 
courses are also proposed Tho mteiveniiig 8p.'lce^ loft between the senes 
of openings me, however, ^o ai ranged ns to ii'lmit of a similar senes of 
openings of the Bniiic 8]inii Icimths, should .such a contingency arise nt a 
latci date, 

G The total cost of the Imdgo IS esliiniiled .it Rs l,]4,.50l), uliich 
works to Rs IGS pei luiiiiiiig foot on tho combined length of 1592 feet 
bctu cen extreme ends of piois, and Rs G.44 per sqiiiiie foot of the 
elevation betuecn road level and tho bottom of the foiiiiclntions 
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Thursday — Ociober 7lk, 1913. 

Mr. W. L. Murrell (Chalrmtn):— I would call upon Mr. Tayabji 
to introduce his Paper “Submersible Bridge over the Ujh River in Jammu 
Province”. 

The above paper (pages 157, 158) was then taken as read. 


Mr. K. S. Raghavachary (Simla) This paper of a submcisible 
bridge has miny novel features and is therefore of interest. Due more to 
conservatism R. G. slab bridges are at present generally limited to spans 
of 15 ft. to 16 ft. though it is more economical to have this simple type for 
spans up to 25 ft. The clear span in this case is QO ft. For the load for 
which it has been designed viz., a lo-ton roller with an impact of 
25 per cent, only, the thickness of the slab" works to only lai ins. In the 
case of submersible bridges, this is a special advantage, as the area of 
obstruction to flow is reduced to a minimum. Full calculations of the 
design had not been given even in the original paper. The following 
points seem to require some clarifleation : — 

(1) In the case of the deck slab no extra reinforcement had been 
provided at the ends for taking up the negative bending moments which 
will be W. L,/i6. 

(2) The slabs have not been anchored to the picts or the bed 
blocks. It is usual in bridges of the submersible type to anchor these 
against uplift, allowing suflicient play for expansion and contraction of 
the deck slab itself. 


(3) In submersible bridges, it is necessary to reduce the obstruction 
to the flow of water to the minimum and even end curbs arc generally 
avoided. In the present case the slabs are cup-shaped in cross section 
increasing the area of obstruction and water pressure. Also after every 
flow, thcic would be accumulation of silt and water in the road, making 
it slippery .and risky, especially as there is no side railing. It is doubtful 
whether the drainage provided by the galvanized, iron pipes in the centre 
of slab would be cflicicnt. That would get choked up by silt and debris 
and may not function till they arc cleared. 

(4) The novel feature of the foundation is tire “club feet”. Precast 
concrete “club feet” svcrc proposed but had not been carried out in 
execution, partly because there was no need, and mainly, probarly, 
because it would have been impossible to place it in position unless 
special tackle is used as the weight of the “club feet” works to about 

tons. 


{5) The masonry piers rest on a block of lime concrete 3ft. thick. 
The “club feet” portion alone is connected by R. G. slab 12 in. thick. 
The lime concrete cantilevers 5 ft. 9 in. from the end of th r pile found- 
ation. The total dead and live load works to nearly 100 tons and assum- 
ing it distributed uniformlv over the 7 ft. width for the entire Icncrtli. load 
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on ift. width of concrete works to 3 86 tons and the tensile stiess is as 
much as 1 15 lbs. per square inch. This stress especially in lime concrete 
is far in evccss of the permissible limit. It would have been much better 
to have provided an R C. slab ovci the club feet and the cantilcvci poi- 
tion, also designing it for the total superimposed load. It would be 'of 
interest to know how this 3ft. slab foundation would be functioning. 

Mr. Dildar Hussain, Hyderabad ( Deccan ) ;— A study of 
the cross section of the ii\ci ciossmg .is given bv the .'luthoi 
reveals certain intci csting facts. The stream, at the site of the ciossing, 
breaks into four main channels, which, rctiding from the Kathua end, 
may be called No. 1,2,33084 The following levels show the changes 
which have taken place in the bed levels in the course of 1 ye.tr 



New 

Picvioiis 



Bed levels 

Red levels .Silting 

Scour. 



1941 + 

— 

Cfianncl No i . 

88.5a 

85 go sM 

— 

—do— 2 

90.83 

95-95 

.1 >2 

—do— 3. 

87-75 

94.50 — 

6.75 

—do— t 

92.73 

88.20 }.f,3 

— 

.^t the same 

time it would be inicicsting to see 

what changes 

has’c taken place in 

the bed swdths of the channels 

The following figuics show 

the position • — 



10}!. 

ig}2 Expansion 

Contraction. 

Channel No i . 

200 ft 

200 ft — ■ 

— 

—do — oj 
—do- 3| 

405 ft. 

- 

200 ft. 

—do — 4. 

310ft 

>35 ft- — 

>75 ft. 

Total 

9ijft. 

540 ft. 



It is clear fiom the above figures that channels No. i and 
4 have silted, uhercas channels No, 2 and 3 liavc been scoured to 
depths varj'ing from 5 to 7 feet nc.arly. with the rcsull.int contraction 
in the regime. 

The author states that “the foundations ate proposed to be 
taken to 6 feet below the lowest bed, whicli is aliout a foot below 
the expected scour level”. It would have been interesting to know 
how the anticipated scoui level svas determined The above 
figures show that in the vciy first jear, the scour in channel No 3 
has exceeded the c.\pcctation of the author, and there is no guaiantee 
that it may not be exceeded further in future, considering the fact 
that the author has assumed an c.xCraorduiariIy low discharge of 26,000 
cusecs from the catcluncnt of 376 sq miles 

The stream is said to be in the submountanic region, and “causes 
the longest interruption hold'ng up traffic for a continuous piriod of over 
three months”. If the discharge of 26,000 cusccs is assumed to be 
correct, then it gis'cs the value of C=30} in Dicken’s foimula and about 
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500 in Ryvc’s formula. I’hcsc values would scarcely be applicable to a 
stream of the above dc.scription and .‘mail catchment. On the othei 
hand, if we assume a modest value of C=iooo in Dicken’s fotmula foi 
the tract of the countiy described, the dischaigc works out to about 
85,000 cusccs, or a little ovei thrice the designed discharge. The ques- 
tion is what tvoulcl happen if a flood of this order were to occur. 

The bridge consists of 34 \entsof 20 ft. span with height of piers 13 
ft. approximately. Foi a discharge of 26,000 cusccs, as assumed, the 
velocity works out to be about 3 ft. per second ignoring afflux, and if a 
dischaige of the order of 85,000 cusecs were to come, the velocity would 
rise to about 10 ft. per second, in which case there is bound to be very 
considerable scour in the channel much beyond what has already taken 
place. It would theicfore seem that the depth of foundation viz. 6 feet 
is inadequate for its safety. 

The nature of soil in the foundations is not mentioned in the 
summaiy of the paper, but from para, i on page 158 it appears that the 
concrete block supporting the pier is made to icst on two icinfoiced 
concrete pic-cast cylinders, each 4 ft. diameter, which have been lowered 
into pits dug below the bottom of the pier foundations, the outside being 
packed lound with cement concictc and bouldcis. The Author also 
considcis that the weight of the pier would be taken up by the “club 
feet” in case the boulder packing got displaced. 

Hie design of “Club feet” foundation which may more aptly be 
termed a ‘•^Vall-plug” type, is very peculiar. It means that 
statically the load of tlic pier is being distributed over two pin points, 
as against the usual and rational method of uniformly distri* 
buting the load on the soil through a concrete block. What the 
lationalc of this design is not clear. One thing is obvious that if the 
bed were to get scoured the upper concictc block would stand unsup- 
ported, and the tensile stress caused by the overhang of the pier would 
lead to Clacks both in the block as well as in the pier masonry. 

The biidge decking has been given the shape of a saucci, and 
this is said to be due to cons’derations of stream-lining the ends to cause 
minimum obstruction to the flood. It is seen that by so doing the top of 
the kerb is laised by about a foot above die load level which gives a 
total uplift head of i inches or say 2 ft. [62.5 lbs. x 2 = 125 lbs.], 

against 1 2{ inches depth of reinforced concrete slab- 156.25165. Thus 
the margin between the static load of tlic slab, and the uplift picssurc 
has been considerably narrowed down. Should there be any impact 
on the edge of the slab due to any trees bi ought down in flood, thcie is 
the possibility of conditions arising which might tend to the floatation of 
the slab. It would therefore have been advisable to have anchored 
the slab into the masonry of the picra. 

The Author slates that reinforced concrete guard posts have also 
been provided over the piers and on the slab. In the presence of the 
concrete posts, the raising of the slab ends merely for stream lining 
effects was really not necessary, ft would have been sufficient if the 
bottom edge of the slab had been given a bell-mouth curve to increase 
the coefficient of discharge. 
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■ ( 3 ) Rai Sahcb S.K. Ghosh (Bihar) suggested that a Discharge Sub- 

Conimittcc might be set up to go into the matter of maximum flood 
discharges. 

Mr Abdul Aziz (Punjab) : — In paia i of the Abstract, it is men- 
tioned that the catchment aica at the site of the site of tiic crossing is 376 
sg. miles, and that the maximum flood dischaigc has been calculated to be 
about 26,000 cusccs I'lie catchment aica is paitly hilly and partly sub- 
montane. This calculated dischaigc appears to be rather on rhe low side. 
The various foimulac adopted by diflcicnt authorities, and the discharges 
arrived at by using these, in this pailtculai ease aic given below. 

(a) M. E. S. Foimula for North West Fionticr liveis, foi catch- 
ments from 9 5 to 12,000 squaie miles — [page 42 of the 
M. E S Handbook Vol. in (Roads) 1925 Edn.J 

f,) — aioo J/ 

= 40,710 cusccs. 

(b) Dickens Foimuki. 

--7o,.i6o cusccs, (with an avctage value of 0 - 825) 

(c) Ryve’s Formula (usually used in Madras Piovince) 

Q-=C3r‘ 

— 35,170 cusccs, (C'-’Cys for limited aieas near hills) 

(d) Beale’s Dischaigc Curse at page 615 of Bombay P. 'W. D 
Handbook (1931 Edn) gives a mciximum discharge 

(?“ 86,680 cusccs. 

(e) IVliittiiig’s Dheharge Cunv, (Bombay' P U’. D. Handbook) 
gives 

(?= 83,040 cusccs 

(f) The formula^ quoted on page agg of these piocccdings, by Mr. 
Faihatullah in his paper on “Alasonry Aich Bridge across 
the Krishna" is 

0.02— 1 lop.M 

Q^CM 

■“ ' >331^90 cusccs (with G <=> 1 700 foi hill catclimcnis) 

My own c\pcricnce on the new biidges recently constructed in the sub- 
montane area in the Noitli ^Vcst of the Punjab is that an nseiagc between 
thefiguics, got by using Dickon’s foi iniila (bl above, and Wliilting’s cuivc, 
(cl above, is the moic coiicct figuic to adopt, as tins ncaily tallies with the 
actual lun-ofT calculated with the highest Flood Level experienced. The 
point I wish to bring to the notice of the Roads Congicss is that, as will 
be seen ii oni the abo\ c icsults, the various foimulac give \eiy' divci gent 
figures In the abo\c ease, they \'aiy fiom 35,000 cusccs 10 133,690 
cusccs, whcicas tlic approximate coiicct figure should be about 80,000 
cusccs. It is suggested that data should be collected by the vaiious load, 
rail and iingation aulhoiitics by actually observing the high flood maiks 
on suitably selected sites on Nullahs and livers, close to the existing 
structures, and the icsults so obtained should be co-ordinated foi reference 
in definite :u cas of the various provinces 
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Mr. Lokanntlifl Mydaliar (Madras; ; — 7 ’alking generally of sub- 
mcibiblc ijiidgcs, I do not know if you Mill all shait* with me my distrust 
of this kind of biidgc which is ncithei fish nor fowl. As far as possible, 
we may do well to avoid this type But consideiing that many bridges 
which we build as high level bridges, become submcisible ones, when the 
calculations of the designing Engincci arc exceeded by Nafuri', we may 
tolerate the biidgc, intended and designed to be a submersible biidgc. 
I stress on this point that it tvill be a fallacious gainonthcioad-iupcc- 
latio if a submcisiblc biidgc is picfciicd to .1 high level bridge foi the 
sake of a little saving in the cost, as it will not‘do to neglect the conveni- 
ence factor which has a place in the ratio 

When we deal with an iriigation canal winch foi some icasons has 
also to seive as a diainagc channel, thuc is a good excuse for a submer- 
sible bi'idgc. In such a ease, smaller vent's aie indicated to limit the depth 
of the covering slab, and therefore the obsttuclion. 

There is one point noticeable in the design, r/s., the want of anchor- 
rage of the R. G. Govciing slab to the masonry of the piers and abut- 
ments. In the case of subincrsiblc bridges, this anchoiagc is all the more 
neccssaiy than in tlic^ ease of cause-ways and ii-ish hiidgcs, to countciact 
(i) the loss of weight of the slab due to buoyancy. (2) the tilting forces 
resulting fiom eddies, and currents, (3) the disturbing forces due* to debris 
or trees floating down the sti cam. The slab in the submet siblc biidgc is 
neater the plane of maximum velocity than in cause-ways and so needs the. 
anchorage more. The anclioiagc may be by means of mild steel rods 
of suitable size, not less than 1.5 in in dinmetet, led (10m the foundations 
of the pici uptsaids into the R. 0 . Slab, encased in cement moi tar or 
concrete. In the ease of cutstonc 01 piecasi conciclc cot'c ring slabs, 
the ends of the adjoining slabs can be connected by a dowel. 

The cuibs need to have long weep holes to wasli away the .silting 
which deposits when the flood subsides, after ovci flow ovci the submerg- 
ed portion. B\ t he ASMS , this ariangcmcnt ■will seive svcll for all bridge 
pai apets, to prevent the accumulation of dust bi ought by winds. 

The boat-like sliapc, if anything, may induce the slab to thiuf: ilial 
it is a boat, and .so to float atvay! 

Mr. F.F. Fergusson (Jodhpur) .Scvci.il of the pievions spea- 
kers have suggested the setting up of a Sub- Comm it tee to olitain data on 
flood dibchaigcs of rivcis and one speaker gave a list of .foimulac wliicli 
he used, to c heck the discharge to be expected fi om the. catchment areas. 
Ncithei in ilic suggestions for the setting up of the Sub-Committee nor 
in the list of foi mu lac quoted svaa there any lefci cnee to the immense 
amount of work done on river disclmiges by Mr. C.C. Inglis and his 
colleagues of the Gcnlial Inigatiou and l-IydiodynamK’ Rescaich Insti- 
tute nt Khndakvasla | Poona]. 

The omission of any sucli icfciencc is piojiably due to the fact that 
Road Enginceis arc not generally in touch ivitli wlial is being done by 
Irrigation Enginceis .and theic is tliciefoie some daiigei of oveilapping 
jind Avasted eflbrt if tin: pioposed Sub-Gommittcc wcip to be set up 
Avitliout fust cslablisliing contact with the Rescaich Institute and bene- 
fiting by tin: experience gained in this work since, its inception. 
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There is not the least doubt that the proposed Sub-Committee 
could do work of very great value, especially if pievioiis contact wcic 
made with the Research Institute in oider to ensuic that unifoim 
procedure in the collection and inteipre ration of data weic folloiced , 
and that data obtained and properly couclatcd uxi'c made a\'ailablc to 
others interested 

A consideiable amount of nver dischaigc and flood data has been 
accumulated and is being added to annually by vaiious authoiitiec 
throughout the countiy such as the administrations in chatge of hydro 
electiic power installations, railways, municipal and othci watei supplies, 
and iriigation, this data is not readily available to every one interested 
and It is doubtful whether any attcmjM has been made to standardise the 
, methods employed in the collection of the data by these separate admin- 
istrations or to correlate them so that an Engineer obtaining information 
fiom one source may be sure diat it beats a scientific relation to that 
obtained elsewhere. ^ 

It is ob\ lous, thcrofoie, that it is essential foi the proposed Sub- 
committee to stait Its labours on the right lines by making use of the 
experience gained by any other research body which is willing to lend its 
council, if it is to do work, which will command the respect of othei 
Engineers and be worthy of the Indian Roads Congress 

Mr, U. J. Bhatt (Bhavnagar) : — ^I have risen to endorse the good 
suggestion just made to compile flaod-dtschaigc data in vaiious parts of 
the countiy The usual practice is to follow vaiious empirical formulae, 
but they have been found to give different icsults in different tegions, 
because at best, they are merely indicative of approximate dischaiges. 
The current pi actice in U. S. A and other countries is to work out the 
discharges, based on rational methods, depending upon the hydrology 
of the region. These methods take into account tarious characteristics 
such as natuie of terrain, ground slope, foicstation, siae and shape of 
catchment, and last but not the least, the intensity of precipitation. 

In Bhavnagar, we have staited collecting the data of flood dischar- 
ges by rational methods, and we have installed automatic recording rain 
gauges. As this forms the pre-requinte, may I suggest, that the Provin- 
cial Government, and progressive Indian States may -start installing such 
automatic rain gauges in catchments within theii j'urisdiction. I might like 
to strike a note of waining in this connection, regarding the scale of these 
automatic rccoixling instruments. The scale should be such as to permit 
reading accurately the intensity of rainfall over short duration 1. e. at least 
over periods of 10 and 20 minutes. This will go a long svay m intcr- 
pieting, neaier to realiU', the flood discharges, by the rational methods. 

CORRESPONDENCE. 

Mr. Mohammed Ahmed Mirza, Hyderabad (Deccan) Merely an 
abstract of paper on a submersible bridge over the Ujh River in Jammu 
Province has been published and circulated among the members foi 
discussion. Since the abstract is too concise, I am not suie whether any 
comments can be considered fair to its Icaimed author, Mr. S B Tayabji. 
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Therefore, with due apologies to Mr. Tayabji I am making the following 
comments more with a view to elucidation of the points not clear to me 
and, at the same time, to seek enlightenment of a new theory he has 
propounded. I trust he will accept my comments in a spirit of cliarity 
and goodwill. 

. The drainage area of the stream at the point of crossing is said to be 
376 sq. miles and the maximum flood discharge is estimated as q6,ooo 
ciisccs This appears to be a good deal on the low side. It is true that, 
on account of the varying conditions of rainfall and the physical features 
of tire catchment area, a closer approximation i.s obtained by resorting to 
the cross-sectional area method, provided the H.F.L. is correctly deter- 
mined, but the empirical formulae for determining the maximum intensity 
of flood discharge ranging from a unit discharge of 750 to 2,000 cusccs do 
ccitainly afford a guide to conditions that may be obtaining. In the 
much abused for mula of Dickens, if the unit discharge is assumed as 850 
cusccs, the maximum flood discharge at the point of crossing^ works out as 
72,590 cusccs. I am stressing this point as it has a bearing upon my 
subsequent observation. 

The Crass .Section of the river shows that it is made up of a number 
of channels, and the bed levels, previous and present, distinctly prove that 
the regime is unstable. Therefore, the site can be considered to be un- 
suitable for any sort of bridge, whether submersible or insubmcrsiblc. The 
paper is silent as to why such a position has been considered obligatory. 

So far as I knotv, the submersible bridges arc an innovation in India. 
Like many other inventions, then conception is the result of pressing 
necessity. Although their principles of design are still unasscssed and, 
perhaps, greatly disputed, a time wll come when they would be the order 
of the day in tropical and sub-tropical countries. The C.P. is, probably, 
the only province that can claim a number of submersible bridges to its 
credit and some of them across the majot rivets. From the cxpciiencc 
obtained from them and elsewhere, it will not be wrong to surmise that 
what is of utmost impoi tance is that the foundations should rest upon rock 
preferably, or within a so'] bordering upon rock to counteract the ten- 
dency for scout . The design of the sections constituting the stiuctuic is, 
usually, no diflerent fiom that of an all-weather bridge. By studying the 
plan of the Ujh Submersible Bridge, the obvious thing that strikes one is 
the unslability of the foundations. An attempt appears to have been 
made to safcguaid against scour by the introduction of the “Club Feet” 
rounded at the bottom or made flat. This device, in my opinion, is a 
source of w'cakness rather than strength. From the constructional point of 
view the insertion of “Club Feet” must disturb the virgin compactness of 
the surrounding soil resulting in surfaces of two different resistances for the 
3 ft. concictc bedding block of the piers. Under the circumstances, it is 
not unreasonable to suppose that the entire superimposed load shall be 
borne by the two “Club Feet” and, if this is so, the following defects in 
the design are obvious 

(x) The intensity of* pressure on the soil at the bottom of the 
“Club Feet” will be 5.6 tons per sq. ft. in the case of. flat bottom and 
g.70 tons per sq. ft. in the ease of hemispherical terminus ; 
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(2) More serious di<iwback would be the overhang of the bedding 
block on eithei side of the “Club Feet” n'hich will act as a cantilevci 
and, since it is not reinforced, the pier masonry at the outer edges of the 
“Club Feet” must shear. 

I have hinted, at the commencement of my remarks, about the 
maximum flood discharge as having been assumed too low If the 
discharge happens to be of a higher oider and the choking up of the 
vents by the moving silt gi cat, the depth of flow over the budge must 
iieressarily be great. The under and ovci curicnts must equalise thcii 
potential by the dissipation of excess energy Therefore the down- 
stieam bed cannot remain immune to the disturbing clement of scour 
with its attendant dangers 

Mr S.B Tayabjl (Author): — I feel giateful to Mr Mirza for his 
criticism and also to the othci mcmbeis who have spoken 

The discharge of a6,ooo ciisecs was woikcd out from cross sections for 
ordinary high flood levels. ^ It, thciefoic, represents tlie normal and not 
the maximum high flood discharge. 

The whole idea of selecting the site svherc the river spreads out in 
this mannci, or rather of taking the existing crossing as it is, and 
adapting the design to it, is to save cost, and the assumption is that the 
design, is justified by an ample margin of safety, Tlicic is no rock 
available f 01 foundation anywhere near , A full size bridge would have 
to he deeply and cxpensivelj founded. In the design which has been 
adopted the foundation is taken just deep enough to be oidmarily safe 
against undermining by scour. ^ The whole of the exxavation for the 
main part of the pier foundation is in gravel and boulders, which get 
more and solidly locked together as wc go deeper down. There is no silt. 
Sand is deposited only on the high mounds and the Iianks. 
Ordinarily, it is not expected that the foundation will scour below the 
bottom of the piers The “Club Feet” arc provided merely as an 
insurance, and it is claimed that the device is cheap and is likely to prove 
adequate even in quite cxtraoi dinar)' high floods or when local scour may 
occur during the course of the flood under piers. It is known that in 
times of high flood the gravel and bouldcis in the bed move down but 
that on the flood subsiding, the matcilal is deposited again in a 
manner similar to the deposition prior to the arrival of the flood. It may 
thus happen that in extreme flood conditions, portions of certain piers 
may be temporarily suspended on the moving rolling mass of flood 
water and gravel and boulders. It is confidently expected that well 
constructed masonry nnll stand up to such conditions without seriously 
cracking and that if there aic 2 well-placed supports to take the str.ain, 
such as the “Club Feet”, even the unicinforccd stone masonry should 
do the job of bridging over the gap and cantilever. Actually, there 
is a fairly heavily reinforced cement concrete slab ptovidcd over the “the 
Club Feet” and with the added strength provided by it there should not 
be much fear of the masonry collapsing. 

During the monsoon of 1942 the foundations of a large multi -span 
aiched super-passage (drainage syphon) on tlic Ranbir Canal near Jammu 
got scoured away in a high flood. The foundations rested upon gravel 
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and boulders. On the subsidence of the flood, the piers of 2 spans were 
found hanging in the aii for considerable lengths, but no haii ciack 
appeared in the old masonry which was brick in hmc built some 40 years 
ago. The necessary lepairs were carried out by underpinning, in consider- 
able fear and trepidation. If in such ease “Club Feet” liad been provided, 
there need liavc been no fear at all. 

Then, look at the diflcrcncc in cost. We shall be spending about 
1.15 lakhs only in bridging a major nallah, wlicic an ordinar>' bridge would 
cost 7 lakhs in these days, .j lakhs in ordinary times. Supposing after 10 
ycais a liea\7’ flood docs carr>' away 3 out of the 34 .spans, the damage 
can be I'cpaiicd with an expenditure of Rs. 10,000/', a sum which may be 
required periodically in safeguarding the approaches to a large and ex- 
pensive bridge or in re-painting it. No loss of life will occur in such mishap 
since no traflic can pass in high flood. The road is katcha and is not 
passable in heavy rain. There aic other numcious latgc and broad nallas 
which present serious obstacle to traflic .and if a cheap and leasonably safe 
design can be evolved it will be feasible to ticat them similarly. The only 
alternative is to let things alone. It is not feasilile to provide first cl.ass 
crossings on all of them. 

I would like to mention that, bcfoic tliis ^design was adopted, 
enquiries were made of the Noith-West Frontici Piovinrc where an 
interesting constricted bridge had been lately built. It was learnt that on 
the Hazara Trunk Road, the biidgc_ on the Chamba Nallah had been 
constructed with a vciy much constiictcd watci-way. The cost of a Vibio 
Pile Bridge over the whole width of the nallah would have been 
Rs. 90,000/-. The length of the bridge would be 600 ft. 7 ’hc maximum 
flood discharges of the 2 bianchcs of the nallah which meet Just above the 
site were calculated to total some 60,000 to 78,000 cusccs But the 
oidinarj' flood discharge w.as estimated at 10,000 cusccs only. It was 
decided to provide for, a discharge of. 1 0,000 cusccs only. The approach 
embankments w'cic left katcha and so low that when the flood exceeded 
10,000 cusccs they would be topped. (At the Ujh River it will be noted 
that all the inlci mediate mounds between the separate bridges will be 
topped in hcay>'^ floods). It was anticipated that in high floods the whole 
width of the liver would be available for taking the discharge, the bridge 
standing ns an island. 

The Vibro piles were driven to such a depth that they can safely 
withstand noimaJ maximum flood. To provide against damage by 
scour extending to a greater depth whilst the katcha side embankments 
w'crc being cut away by the force of the flood, the floor of the bridge site 
was covered with stone in 'wiie tt angers which was expected to curb the 
scour foi a sufficiently long time. I’hc bridge was completed in' 1939 at a 
cost of Rs. 35,000/- thereby making a saving of Rs. 55,000/- over the 
original estimate of Rs. go, 000/, It was calculated that the intcicst on 
the capital saved in r year would more than re-pay for the complete 
reconstruction of (he approach embankments. 

At the Ujh Rivci, we aic of course providing both for a constricted 
water-way and for sumergcncc. 

The progress on the biidgc was unduly delayed last year by frequent 
floods. It should be possible to finish it in the coming cold weather. 
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Tt will certainly be inter csting to watch the cfTccts of the yearly high 
floods on the structuic. Personally, I consider tlint the risk of scour has 
been provided against to an adequate extent. 

In connection with the apprclicnsions that have been expressed of 
unduly disturbing the bottom of the foundation in the process of laying 
the “Club Feet*' I confess J am not able to share the feeling. The stuff 
IS hard boulders compacted together. The foundation for the whole of 
the pier base is first excavated and then the 2 pits me dug for the wells 
oi the “ Club Feet”. Actually, the stuff there IS quite liaid. When the 
excavation can be done in the diy', it will be filled in with well rammed 
cement conci etc faced with laigc stones and no soft spots need be left in 
the filling. If water is met with, then the icinforccd concrete “Club Feet” 
can be nisei ted and packed round with huge stones and gravel and some 
lean cement concrete can belaid and rammed lound the stems. Over 
the whole base of the pier and the tops of the stems of the “Club Feet” the 
concrete of the pier foundation can be laid and rammed do^^'n. The 
scour IS not oidinaiily expected to extend to the bottom of the foundations 
.md the disturbed matci lal may be expected to get locked together and 
consolidated with the lapse of time 

The suggestion to provide openings in the raised sides of the slabs 
to prevent accumulation of sand is a good one. But we have to keep the 
design ns cheap and simple as possible 

The drainage holes in the bottom of the slab can be kept large 
enough and then I do not anticipate any sciious trouble from the 
accumulation of sand. Anyhow thcic arc long sti etches of the road where 
sand piles up and a little cxtia bit of it on the bridge will not cause 
serious svori y. 

Thcwoikhas been held up by unscasonal floods and only a short 
length has been executed. Making the slabs continuous for 3 spans pro- 
vided for a heavy single length of slab that must be lifted by the floods to 
cause damage, but I .shall pass on to the State Engineers the suggestion 
to anchor down the slab to the piers 

The shape of the ends is designed to present a stream line 
face against the force of the flood and bell-mouths for entrance and exit. 
This will reduce shock. A similar design was adopted for a 3 span bridge 
over the Neil Nalla which is a steep tonent The bridge was made 3 years 
ago There the slab has been anchored down to the foundations; the 
very high velocity made it much moic likely, than at the Ujh, that the 
flood would Seoul deep into the foundation. The bridge has been lojipcd 
by several floods by several feet and has stood perfectly well. At that site a 
heavy submersible bridge was adopted in preference to a high leVcl bridge 
because of the much greater danger to the lattci fiom extraordinary 
high floods 
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REVISED SPECIFICATIONS FOR BITUMINOUS ROADS 
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hy 

Annuii Azrz, B.A., M.B.E., 

Ereculn'c Engineer, Ctm<ihuction Divimon [lioad<i), Mianu'ttli. 


The object of tins paper is to place befou' tlie Indian Roads Congress 
some interesting, speedy and economical Specifications adopted for the 
Construction of Certain Stiategic Roads in the North West of the Punjab. 

Preamble. 

Eaily in the year 194:1, the Government of India, Department of 
Communications decided in consultation with the Geneial Staff Milil ary 
that development of certain roads m the Punjab had become iiigenl. from 
the point of \iow of Military Requirements for the Defence of Northern 
India during this Second Gicat World War. The Government of India 
asked the Punjab Government to immcdiatol}' take in hand the construc- 
tion work in anticipation of detailed estimates. 

A Special Ronds Construction Division was foi med for building the 
bulk of thesn roads (about IlOO miles) — ^nhich oovei parts of four Districts 
on tho North West of the Punjab in the Thai and Salts Range Aiens. 
Except one load, 1 e, Khushnb-Mianwah, on winch the woik had already 
boon taken in hand by the Punjab Goveinment, all the other loads were 
commenced without any detailed estimates or plans, and surveys and 
alignments had to be earned out wdc by Mdc with tho work of lotting out 
contracts and making nnangoincnts foi Steam Road Rolleis and other 
Plant essential for the excoution of the woiks. 

In this papei I will not touch ujion other aspects of the ivories sucli 
as organisation, survey, alignment, constiuction ol Bridges and Culverts, 
cause-ways etc , but confiiio mv notes to the Spenifications adopted for the 
building of tho metalled widtli on tlie.se loadp. 

The question of selecting suitable Specifications loomed largo as soon 
as tbe works were mooted. 'I’lio watchword was “War-timo speed, coupled 
with efficiency and economy”. Tlio areas in which tho loads wore to bo 
built are difficult, dry, mostly baircn, and thinly populated and part of the 
Mianwali-Bnnnu Road lies in tho dangcious Tians-Indu.s area bordering 
on the North West Frontier Province in ivliich the risk of kidnajiping and 
attacks by tiibal outlaws is always present. The roads had to bo 
conatrueted through every tyjio nf soil— sandy, sandy loom, black cotton 
soil, clny; also in plain, badly bioken, hilly and scmi-liilly country. Aouto 
scareity ofi\atereven for dunking purpo.scs and difficulty of transport 
of mateiials over the old difficult and sleep tracks were tho prominent 
considci aliens to be met with. 
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Formation and Sub-grade. 

Tho Government of India wauled melnllcd and taircd roads single 
earringp-way, i,c. 10 feet wide. I'lio total formation width lias been 
kept 32 foot in plains and 24 feet in lulls In tho hilly and scmi>hilly 
area, the formation levels were of com ao controlled by the design of 
alicnraents according to the ruling and maximum gradient fixed, hut in 
plain country, tho finished formation level ivas kept only about 9 inches 
above the suiTOundiiig ground except where there was a local depression, 
or water was known to collect. Avhen the bank has been raised suitably, 
Tho low bank has the following advantages : — 

(1) The soling coat is laid nearly directly on a firm sub-grade. Tho 
ponding and coraiiaction of bank requiiod to make it fit to receive soling 
coat was very doubtful as availability of valer lu .such huge quantitic.s 
was considered to be vei V ditficult and not po.s!:ib]o uitliout exorbitant 
expense and nnreasonalile delay. To follow the old peace-time practice 
of leaving the bnnlc for ])onding by r.ain during one monsoon season was 
out of question It was, however, veiy lucky that the winter of 1941-42 
and summer of 1942, during winch seasons most of tho bank woik uns 
done and soling coat laid, had exceptionally heavy and long rains and 
consequently moat of the foiination rcooived good ponding. 

(2) Saving in time due to loss quantity of caitli-work having to he 
done, and consequently 

(3) Saving in the numher of labour requiiod also. 

Gi cater part of tho labour requited foi tho works Jiad to be imported 
liecaufio apart from tho leahons given above, young men in tho area Jiavo 
gone to tliG Army, this being tlie famous Rconiiting Area that forms the 
forearm of tho ‘Sword Ai m of India.’ 

(4) Comparative ease and loss oxjipnditiii'c with which a low bank 
can be given flat side s1o])p.s so as to miminise the danger to tiaffic 
even if a motoi vehicle goes ofl' the road ; also the psychological 
advantage which one gets when diiving on a low formation. (Fig. 1). 

Soling Coat. General. 

Tlic sub-giado was then rolled, ti cnchcd and made fit to receive 
tho soling coat. 

In the Punjab the present doy geiicial practice for now constiuction 
has been to lay tightly : — 

(i) 4i inches brick on odgo solhig coat or 

(li) G inches stone soling coat. 

Of course in widening tho old inctallod width in strolchos wlicro the 
borms have lieen stabilised and aic firm, tho wdening has been tried 
successfull 5 ' without any soling coat and by using a 4 in. coat ol metal 
only. The now edge of tho widened striji is kept well proud of tho old 
edgo as settlement under traffic is seen to bo quite marked. 




164 


PAI’ER 1-1913 


Soling Coat on Strategic Roads- 

In the consLi action of the Stiategio Rojtls, the following tliicknesh 
and types of moling coat have been used ac-coiding to coiiBidei aliens of the 
availability of materials, natuie of soil, coht and saving m time — 

(1) 44 inches brick on edge soling coat laid, diagonally, as well 
as laid squaio to the road — Length 32 mile-'. 

The diagonally laid soling coal Fig 3 (a) is loiind to give hcttei 
icsults than the squaic laid one Fig 3 (h) because of the better distiibution 
of load 111 the formei case, but on account of bcttei piogiess that can 
he had by laying it square and the elimination of wnstc which occui n by 
cutting full size bricks foi the end ones, tho square laying nas mostly 
followed. 

When kihis aic installed foi load purposes, specially moulded end 
liiicks (fig 4) can be eon%'enicutly huint at no extra cost. Tins facilitates 
the laying of soling as M ell as avoids wastage of bucks. On these loads, 
however, thcie iveie only a few existing kilns and all the quantity of 
st.indaid size bricks leadily available in the-c, wcic purchased and ii'^ed. 
Brick edging as shown m tig. 5 has alco been laid in a few miles. 

(2) 3 inches flat hiick soling coat where the soil was considered 

good and siibgiadc fiim— laid m 24 miles. 

(3) 6 Indies to 5 indies thick broken hmc-stono or haid sand-slunc 
or quartzite bouldcis laid in 186 miles. 

(4) 3 mches thick lnne>stonc soling coat of 3 inches gauge, used 
111 good clay soil. Apart fiom these, 1 his small thioloicss of 
soling coat has lieen tned in a few' slightly sandy railo® — 
Length done 32 miles. 

(5) In hill reaches wheie the lo.ad is in ciitliiig and the subgiade 
IS already haid and of stone or bouldcis, no soling coat has 
been used 4-indi wearing coat w us laid diicct on the hard 
.suhgiadc whiih was of coiii«c thoioughly i oiled with a Steam 
Hoad Bollei and hi ought to piopei grade and slope. Total 
length about 3 milc'} 

The leaner specifications (2) & (4) weie adopted primarily 

(a) foi speed in construction, i.c. lc'!‘?er qiiaiititj' ol matciial 
rcqiuied to he carted, collected and laid, wiiidi took less 
time than if a tluckei coat had to bo given, and 

(h) foi economy m cost where tlie bricks or stone could be had 
only with vciy long and expensive lends. 

It IS yet to he seen «is to how' far the thin stone soling specification can 
he adopted in the fuliiic woiks. Although it is considcicd ndequato foi 
medium traffic of pneumatic tvied vehn les, it is doubtful if it W'ill stand 
up undei conccntiatcd steel or wooden tjTcd bullock cait traffic 


Paper 1-1 94^ 



Showing use of Trolley Sprayer and tlio various spray operations. All 
the tliree coats can be seen in the picture. 
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The fact that there ■were practicallj' no bullock carts in the area lu 
which the above specifications were proposed encouraged ns to try the thin 
thickness of soling and it has so far (about one j ear) given no ti oiiblc 
and stood up satisfactorily under motor trafiio. 

Consolidating soling coat- 

The soling coat in. every mile was thoroughly consolidated with 
Avater by Steam Road Roller As is well known, the subsequent behaviour 
of the finished road surface depends to a largo extent on the proper laying 
and consolidation of the foundations. 

Quantity of water for consolidating soling. 

The following figures showing the average quantity of water requited 
for good consolidation might bo of interest to the leaders . — 


Gallons pci mile of Gallons per 
11 ft. Avidth. oil. ft 


(1) 

6 in stone soling coat, 

111 good clay soil 

43,000 

14 gallons 

(2) 

6 in. stone soling m 
.sandy soil and sand 
dunes 

65,000 

(> \ 

(3) 

4^- in. brick soling in 
good soil 

29,000 


(•1) 

4^ in brick soling m 
sandy soil. 

40,000 



For 3 in. hrick and 3 to 4 in. stone .>.oling, the Avatei lequiied is about 
60 to 76 per cent of the above quantities pei’ mile 

Consolidation of soling in sand. 

Consolidation of soling coat in sanrl 3 ^ tract avjis quite a licldisli job. 
It AA'ab found that a hoaA'y (10 ton) roller sank and stuck badlj"^ if used 
directly on the soling from the commencement. To avoid this, the 
consolidation Avas .started aviUi a light 6 ton roller. The soling coat was 
first rolled lightly, dry and then gradually aviUi water. When it became 
fairly firm, consolidation Avas completed Avith a heavy roller, till there was 
no movement under the wheels It is essential that the consolidation 
should bo staited from the ends loAvards the centre. Once the consolida- 
tion is properly done, it is found that even m sandy areas there is little 
settlement afterAvaids In fact the suiface of the miles in the sandy 
btrotch near Wan Bhachran on MianAA^nli-Khushab Road is among the 
best in respect of evenness and grade and no settlement or Avaviness has 
appeared although it is about 18 months that these miles woi'c con- 
structed and no subsequent surfacing coat had liecn given so far. Duiing 
consolidation the soling coat sank from G inches to 9 inches. In local 
depiessious extra stone was used (out of ihc 5 per cent balance kept Avhilu 
laying) instead of dismantling and lelajnng it after making up the 
subgrade. The former method gives definitely better results. 
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It niiiy iticidcntally be mentioned th.\t it is advniitngeoii'. if tlie road 
forniatioii rides over or nrur the top of the band dunes instead of cutting 
f/irouff/i i/icm as less obstiiiclion is then expenciiccd dining band btorms 
due to sand blowing on to the road buifacc 

Wearing coat and surfacing. 

Till about the year 1934 the usnal cconoinieal bpecifical ion adopted 
tbi nicl.illing and tarring in the Punjab was . — 

(1) Consolidation of wcaiiug coat stone as lor ordinary ‘Water 
bound-macadam’ complete with earth blmding on top. 

(2) Traffic w.is allowed for bome time on the ‘waterbound’ surface 

and then two coats of tai applied at mtervnls after hi usliing 
and cleaning it with steel and fibre brushes 

This method of construction is slow, as it takes n long time to complete 
the brushing with steel and fibre binshcs before ajiplying tlie fii st coat of 
bindei. It is also tedious and expeiiMVC 'riieie is aho wastage of bajn and 
blinding materials These set the Road JEngineert. experimenting and 
devising othei cheap, efficient and quick specifications In recent ycais 
notable w ork ba& been done in this diicction by our late Chief Kngineoi , 
Ml. SG Stubbs, I.SB., obb, and by Mr H.A Hams, r s e , Supei- 
intcnding Engineer ivho cxpeinncntcd. and evolved iinpioved specifications 
with the leaidt that the old 'watei-hound Spceifioatiou’ and tarring on 
the above lines is now piactically out of date for new road construction 
in the Province. 

Built"Up*<spray>Grout Specification. 

Dehiils of the hpeciScat ion are given m Ajipendix A 

This was evolved by Mr. Hams after cxten.sivo Inals and is considered 
to be most successful and suitable for general application Tlie main 
feature of the spccific.ation is that tai is spuayed or crouted in with a 
inocLanical sprayer over partially diy coiiHolichitcd metal Advantages of 
this specification ovm the old one are — 

(a) Quifk progiess in consolidation With good ‘bandobast’ 

about 11 fuiloiig ol road 10 ft wide ean I>p done a day, tviicicns 
with ‘water-hound’ the progress is a little more than half of 
the above. 

(b) No wastage of labour or blinding mateiials oi any disbmliance 

ol tlie wearing eoat mcial which occurs m the ease of ‘oidinaiy 
watci-bound-maeadara’ when the surface i& biuslicd hard and 
cle.incd to receive tlio first coat of binder 

(c) Tho tondciioy to bcttei binding between tlie mcial and tar coats. 

(di A vciy much denser wearing coat than ivith oidinary wntoi- 
hound-macadam 

(e) As metal is laid in 2 oi 3 layei-. and each layer hand-packed, the 
wearing coat is of a umfbrui compiietion and the possibility 
of uneven settlement is reduced to the minimum. 
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(f) Li'hs quantity of water required than for ordinary watei-.hound- 
macadain. 

The real merit of this Specification however does not lie in the 
point that it requiics less quantity of water than water-hoiind-macadnm 
but ill the fact tliat it provides for a much quicker and more homogeneous 
type of construction than waler-bonnd-niacadam and gives a faiilv close 
pioximation to a tar grout or a tai concrete at a very much reduced cost 

Modified built-up-spray grout or semi-grout. 

Later on the Built -up-Spray-Grrout Specifieation was slightly modified 
and we rainlit say that a compromise was made between the old 
‘Water-bound’ and the ‘Built -np-spray-groiit’ by doing about 80 ])ei cent 
consolidation of the weaving coat, stone with walei as foi old ‘Water- 
bound’ without putting in blinding on top. Consolidation was stojiped 
when there was no noticeable movement under the roller and metal was 
fully interlocked, brought to camber and blinding from batUim had eomo 
up to about I ineh to I inch of the sniface Kiist coat of tar was 
sprayed when tlic surface was skin dry, grit spread, rolled in and 
consolidation comi>k‘tcd by adding a little more water. 'Phis is called the 
‘Semi-grout Specification’. 

This specification was extensively adopted on the consti notion of many 
miles of roads in Lynllpur District wheic the author happened to be 
in charge of these works and found the specification to be quite speedy 
and to give excellent results. 

Specification for strategic roads *Semi-grout’ where water is available. 

When the works on the Stintcgic Roads wcic started it nas decided to 
adopt the ‘Semi-gronl’ specification (Appendix B) lor lho>-e inilcfa whcie 
water could be hod exjicdienllv and at rea&oiiublc expense, saiing of time 
being tlic guiding factor. Supply by gravity from well.s \vn.s impo.'JSilile 
as the few that w’crc neai the loads had a limited feiqiply 'I’lic only 
alternative was to curry ^Ya ter fiom deep niilUih beds or wells in certain 
reaches. 

The problem thus was as to hoiv to treat the miles wlicie copious 
supplies of water could not be had for the ivcaiing coat to follow 
the ‘Semi-grout’ Specification as laid down above A suitable and 
economical dry specifieation for Avearhig coat and taxiing iviis thus 
considered uecebsary 

Dry construction. 

Elsewhcie in the Province m a dry sandy tract a tar cm pet ivith a seal 
coat of tar ba.s been successfully laid. ' Tlio same was considered for 
the dry miles on these roads also but this Hpcoificution was not followed 
for reasons of the longer fimo required for the completion of the work 
A milo done with tar carpet takes about 25-iS days to complete wiili 
one idler against an avoiago 14-16 days leqiiired with ‘Soini-grout’ and 
‘Built-up-spray-grout’ specifications. Also the plant required for mixing 
placing, and dressing the preraixed carpet could not be cxpcolod to bo 
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iiiiiiiij'f'd qiiiiKIy foi sucli laigo workM dntii)!' the i\ai diijs uhi n 
was diiBcuIly of supply ThoiP was gicat deaith of ti amid labour too 
ill th(‘b(,‘ backward nieas foi uoik at *.0 many ‘•cattored placo'i. 

Built><up»spray»grout dry Specification. 

It uas tlieii'foic decided to try the 'Built -up-spray-groiit’ Specification 
oinitting the use of svalei pi act ieallj* entirely and altcniif; and incica'-ing 
Miitahly the quantities of lundci and giit in the vniious spiny coats. 
The vanoiis operations for the ‘Emit -up-spray-pront-drj’' are detailed in 
Appendix C. In tins .specification total binder of GS lbs per 100 sq. it 
IS n=pd for three sprnvs This is slightlv inoie than the ‘Scmi-giout’ 
where hinder used is 57 Ihs and gnt 7 cu ft. per 100 sq ft The extra 
quantity of binder was found to bo essential for grouting tlic dry metal. 

4-inch Specification. 

To si ai t ualh, a 4 inch metal coat was used for the dry specification 
hut it was found in actual noiking that when consolidation was earned 
on aflci .spiaying the fust coat of tai, the molal kept on moving and 
lolling under the wheels and did not set fairly quickly. A 3 ineli enat 
was found to give better icsults and the thickness of the ueaiing eoat was 
suhscqueiitlj’ 1 educed to 3 inches in all miles wheie diy specification u as 
adopted (Appendix ‘D’). 

3 inch Specification. 

The tiafhe in these areas is not expected to ho heavy for some tune 
and the bottom lieaviei coat of tai would have thcicfoie little 
occasion to woik up With this cnnsidcrnlion the late of spiay m the fiiat 
coat was leduced and second and thud coats inoieased in certain miles, 
Appendix ‘E’. It is hoped that with this the siufaee will stand up 
richer and bcttei even with light tuiffic 

Final dry 3 inch specification. 

In the dry specification it is obsen’cd that although the thin earth 
eusliion uiideinoath the metal does help to give a bedding to the wciinni; 
coat to provide fiietionto pi event movement iqito a certain extent, the 
tar acts foi some time more as a luhiieant than a® a hinder and the 
eamher of the road docs not icraain intact when the rollei is worked 
aftei the fir^-t spray coat. It is not possible to eomplete the consolidation 
iinmediatoly attenvaids But afici giving one or two rolls the surface has 
to he loft foi a night ''O that the tar beooinos t.Tcky and then the 
consolidation is oompleled and surface brought to piojiei eamher next 
moiniiig. 

Iftheieismiii aftei lolling the ueaiiiig coat or the fiist coat 
(alter spraying), most of llio lain watci soak> into the subgradc and 
when rolling is done aftei w'aids, some unevenness docs appeal In 
such cases such waviness should bo removed from the reserve metal 
kept for the purpose and not by removing and relaying the wearing 
coat The pci centage of voids boini; much more in the surface with the 
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dry Avork than when ‘Semi-grout’ Specification is followed, more grit as 
given in the specifications is lequired to give a complete carpet over 
the Avearing coat crust. A light shower of lam hoAvever docs no harm but 
benefits the surface. 

Comparative Statement of binder and grit. 

Quantities of binder and grit used in the various spray coats of the 
different specifications are given in Appendix T'. 

Mileage done with various specifications. 

The folloAA'ing is the number of miles done in the Division Avith the 
various specifications. 


Name of road. 

illilooge tieatod with various 
specifications. 

Remarks 

1 

; 

Semi- 

grout 

Built-up-spray>grout 

(dry) 

CC 

S I 

IP 

With 4: inches 
, metaL 

With 3 inches 
metal. 

Dry (final) 
with 3 inches 

Total Dry. 

1. Khuahab-Mianwali Road 

55* 

-■ 

■ 



'''All done with 







3 inch mstol 







coat only 

2. Miamvali-Musakhel-Talagang .. 

35 

9 

1 

2 


except a few 







miles done 

3 Dhok-Fatlian-Talogang Road. . . 

3 

13 

— 

— 


with 4 inch 

4. Chakwal-Talagang Road. . . 

1 

23 

— 

3 



S. Khushab-Chakwal Road 

20 

28 

12 

G 



G. Mianwali-Kalabagh- 







Kurram Road. 

64 

2 

3 

6 



Total. 

170 

75 

IG 

IG 

107. 


Grand Total 




277 Miles. 


Hie various specifications aro shown on the line plan Appendix G. 
Aggregates, binder and grit used. 

Tlie bulk of binder employed was Kond Tar No. 2. It was originally 
proposed to give the third spray coat Avith bitumen (Secony Asphalt Grade 
105 or Spramex H. X.) in certain miles The material was obtained, but 
as the work had to be carried out in winter, bitumen was not found easy 
to work with and consequently, only a feiv miles could be treated with it. 

Grit of various descriptions from local nullalis and quarries as was 
obtainable was collected and used. 
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Very hard qiinr^zito gravel ooiiM lie had at Man Indii'i niirl it was 
used in n few mile? wlicro it could he collected cconoinieallv and without 
delay Its wider uso was not feasible due to icstiiclions on Railway 
Goods Traffic and delay in caiiiago to loada on long leads The cost 
would also have been very licavy. 

Most of the gnl used is nodular lime-stone Riavel wbich is no doubt 
softer and is cmshecl move easily than the quaitvAtc liver niavel Ciiic lias 
thercfoio to be taken in i oiling it lighUy' and not enisliing it to powder 
under the wheels. It is expeiienccd that Innc-st one gut binds belter for 
Tst and Ilnd spray co.ats and is good in the final seal coat fot liglit traffic 
roads where thcio 18 no steel tyjo bnllock-cait tiaffic Undei Iho sloel 
tyro it qiiieklj' powdei B and forms a paste with the binder and the life 
of the siirfacc-coat is consequently ahoitened. 

Quantity of water used in wearing coat for scmi-grout> 

It might be of iiitciest to the readeis to know the quantity of water 
used in ‘Semi-grout' woik and the progi OSS on vaiioiis items of noik per 
roller per day — tlio rollei being S to 10 tons in weiglit — 

Water reqniiemonts, per mile. 10 fed wide, 

(a) 4 inch wearing coat— 53,000 gallons or 3 gallons pci cn. ft 

(b) 3 moll wearing coat — 44,000 gallons or SJ gallons per cii ft. 

Quantity of water requiicd for ‘Seini-giont’ Is a little Ic'.s tlmn wli.il it 
would be for the ordinary ‘Watcr-bound-mnendam’. 

Water was cnined in water loirios, in old tanks mounted on oidmniy 
open trucks and in some cases on pack animals ns well as on water carts. * 

Progress per roller per day. 


The average progress per day per toller of aveiagc 8-10 tons weight 
and in fairly good order has been ns follows — 


Items. 

Length in 
riiiloiigp. 

Width m 
feet 

(a) Consolidation of .stoiio soling coat 

1 to 

11 

(b) Consoliilntioii of buck boling coat 

3 inches to 4t inche.s. 

U, to 2 

11 

(c) Consolidation of weniing coat Biiilt-iip- 
-spi.iy.giont or Semi-gioiil 

? to 1 

10 

(d) Suifacing 1st coat 

o 

10 

(e) Suifacing II coat. 

3 

10 

(f) Siiiruoilig III coat 

4 

10 
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With good airangement, one roller can give m a fortnight a mile of 
completed load (excluding sohng coat consolidation) 

I’hc maximum progress attained has been about 30 pei cent inoio than 
the above average Qgiiies In hilly roaches the progress on operations 
(a), (b) and (c) may be taken as 25 per cent less than the above 
averages 


Costs. 

Thoie is no mateiial dilTcrencc in cost with the various speoifieations. 
Those finally adopted are nearly equally economical — the 'Semi-grout' 
being cheaper by about Rs. 500/- than the ‘Built-up-spray-grout-dry’. 

A compaiativc statement of cost of construction with the various 
specifications including tho cost of soling coat and 22^ per cent aveiage 
premiuni paid due to Wai conditions is given in Appendices H (a) 
and H (b). 

Tools and plant. 

Apart from the usual small tools and plant and templates, the chief 
plant u&ed for the wearing coat and surfacing consisted of 

(i) S to 12 ton Rollers for consolidation, 

(ii) a few 6 tonners, and 
(lii) boilers andspiaycrs. 

It was realihcd right at tho beginning of tho works, that many rollers were 
required for oairying out such a heavy road programme during a slioit 
period. At the peak of uorks there were 61 lollcis vorking in tho Division. 
The rollers had come from all possible sources. Tho new Rollers purchased 
from Alarshall & Sons through the Govcnimcnt of India have cost at ,an 
average Rs 20,000/- eacli. Hue charges for other rollers average Rs. 11/- 
per day per roller including tho pay of Driver and Fireman. 

Practically all spraying of liinder on to the metalled siirface lias been 
done with the admirably handy and light outfit designed some years hack 
by Mr. Hams, a description of which ajjpeared on page 6 in tho ‘Indian 
Roads’ for November, 1036 An illustration of the same is repeated as 
Appendix I, for ready refoicnco of the Members A slight imjirovoment 
which makes it easier to move about has been incorporated in tho chassis 
of the troUey by mtioducmg a swivel arrangement at the front. Also 
a double handle is usually used instead of the single wooden one 
illustrated. Two men thus work the semi-rotary pump. Pumps with 
ball-bearings are easier to operate and give better progress 

A number of 320 gallon capacity boilers fitted with spraj’era were 
also purchased from B. R. Herman Mohatta & Co. at Rs 2,000/- each. 
These boilers did not prove very useful for actual spraying and particularly 
for ‘Built-up-spiay-grout’ work, beoauso the narrow wheels of the boilers 
ploughed up tho wearing coat and caused 1 inch to 2 inches deep furiows 
which disturbed the whole camber and longitudinal slopes. These deep 
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furrows could not be easily set right ThcsC boilers were used mainly for 
heating the binder As the number of boders was not enough, road tar 
was heated along the roadside in lialf out diums also In certain cas»s 
where the big boders Lad to be used for spraj-ing they were dragged 
alongside the metalled formation and a long flexible aimour hose used 
for spraj'ing on to the surface as illustrated m Fig 0 



FIG 6 


It is observed that a very useful combination of boiler and roller 
particularly for *Built-up-grout-dry’ specification would be Tandem 
Boilers with tar and bitumen boilers carried on tenders and fitted with 
sprayers instead of the usual 3 wheeled loller This has been actually tried 
on the oonstmotion of a runway by Mr. Harris and found to be a very 
convenient method 

Behaviour of specification under trafRc. 

Vanous miles in the Division are now (May 1043) fi to 18 months 
old. TraflBc has not been heavy on every road, but some portions 
have taken Aeiodrome Construction trafBo up to an average of 500 
to 1200 tons per 24 hours for the last 10 months, continuously without any 
subsequent renewal coat having been given on tho now siirfaec It n'ill 
therefore appear fair to take the behaviour of the heavily traffloked 
miles as representative of tho spcciflcations used 

Built»up«grout'dry. 

The results obtained from this 'All dry’ and economical specification 
have been above expectations. The ‘Dry-grout’ miles have taken equal 
traffic side by side with the ‘Semi-grout’ miles without any failure 
or signs of unravelling 

It IS however ob.sorved that as there is not enough blinding and 
denseness in the whole body of the wearing coat crust to start with, a 
greater part of the surfacing materials, i o., binder and bajri are worked 
down and wedged into the inteistaces of the metal Thus after some 
time the face of metal can be deciphered under the thin cover of surfacing 
coat that remams on top and bajii and hinder have worked lower on its 
(metal) sides The wearing coat thus becomes denser, moic homoge- 
neous and more water-proof hut the surface shows a diy appearance 
as compared with ‘Semi-grout.’ 

Consequently the first subsequent surfacing coat has to he given 
earlier than with ‘Semi-grout’ after which there is expected to bo 
practically no difference in the condition and life of tho two surfaces. 
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With the rain water soaking into the wearing coat from the surface 
and sides during the first monsoons and with traffic wear, the ‘Dr3'-groiit’ 
road is hound to show a little unevenness in the surface which is easily- 
rectified by careful levelling and patching with preraix bajri bofoio giving 
the first subsequent coat Once the surface is properly repaired and the 
first subsequent coat is given, it will sta^' even and waterproof and there 
is no danger of any further settlement. 

As the berms become firm and stabilised, soaking of water fiom 
the sides into the wearing coat is more or less eliminated. 

‘Semi-grout’ specification' 

In the ‘Semi-grout’ miles, about 80 to 90 per cent consolidation of 
wearing coat has been done ns for ordinary water-bound, before spraying 
the first coat. The blinding has thus filled up all the intcisticcs and the 
crust IB compact. When the 1st spray coat is given, the blinding and 
binding material fiom the wearing coat has ahendy come upto within 
1/2"— 3/4" of the surface. It is therrfore scon that only a part of the grit 
and binder put into the 3 spray coats works down into the metal, and the 
balance forms an armour coat over the metal. 

With traffic, part of the binder ivorks upto the surface with the 
result tbat the semi-grout miles even as old as 12 months arc showing 
excellent surface and richer than the ‘Dry-giout’ under similar conditions. 

There are also practically no signs of any settloraent in these miles 
although the monsoons of 1942 were exceptionally heavy for these areas. 

Wearing coat with only 3-inch soling coat* 

The readers might ask that if a 3' thick stone soling coat is found 
to be sufficient, why it was not more extcnsivclj' adopted. 

A thin s-lono soling coat as explained under the sub-head “Soling 
Coat on Strategic Beads” is not the established practice for now roads and 
the work done in this Division may be considered as nn experiment on a 
laigo soalc. Time will show whether the use of thin stone soling can be 
made more geucial. Feieonolly I am very doubtful if it can stand upto 
bullock cart traffic although the miles done with 3 luch soling on Chakwal- 
Talagang Road have taken the heavy Aeiodromo Louy traffic very well. 

With 3 inch stone soling coat, the thickness of wearing coat has been 
kept 4 inches throughout, because greater part of 1 inch of metal ooat is 
used up in making up the surface of soling coat during its consolidation, 
and wearing coat thickness is left practically 3 inches. 

The 3 inch soling coat gave lot of trouble during consolidation and 
after the rains. If the soil is slightly sandy (gauge of soling slono being 
only 3 inches) too much filler rises to the surface under the roller during 
consolidation and it keeps on moving like a flexible carpet, i.o. the 3 inches 
soling coat gets partly lost in the sub-grade. In black cotton typo of 
soil, which is very hard when dry and slushy when wet, the 3 inches 
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soling co.it can be consolidated faiily sati&factoiily when there are no 
heavy rams, but it forms a sort of miid concrete if consolidation is tried 
soon after oi dining rams. 3 inch stone soling coat also showed more 
settlement and -unevenness during consolidation and it took good deal of 
Labour to set it right. 

3 inch flat brick soling coat is however definitely hotter because it 
has a larger bearmg surface and consequently its sinking m soft soil or its 
settlement is not so maikcd during consolidation. 
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APPENDIX ‘A’. 

BUILT UP SPRAY GROUT SPECIPICATION WITH 4 INCH 
METALLING WEARING COAT BY MR. H. A. HARRIS, I. S. E. 

— 

1. A ^ inch or 1 inch cusliion of good clny earth aliall ho spread 
unifonnlj' on the consolidnlod soling coat, thoroughly saturated and 
lightly raked. 

2. 2 inch thick metal of 1^ inch to 2 inch gauge shall he closely 
and uniformly spicad and hand-packed to proper camber over the earth 
cushion. The metal spread in this coat shall be from under stacks. 

3. 8 per cent of free quarry screenings shall then bo iiniforinly 
spread over the surface and washed down with water. 

4 The lomaining 2 inches thick of clean dr 3 ' metal inch to 
2 iiicJi gauge shall then be uniformly spread over the metal already 
spread and particiilar care shall be taken to olosel}’ hand-pack it. so 
that the carpet is quite even and dressed to the correct camber. Should 
any eaith be ohsetved on the metal durmg dr 5 ’ weather the surface may 
be spiinklcd to wash down the earth. 

5. The .surface shall then he tolled lightly dry, starting from the 
.sides and woiking towards the centre. Any dcpicssions that appear 
shall bo made up wth olenn dry metal, a 2 to 3 per cent reserve of 
winch shall be kept foi the purjiose.’ 

6. By means of a spra^mr. Road 'far shall then ho sprayed 
uniformly ovei the lightly rolled dry surface at the rate of 25 lbs. per 
100 sq, ft. (or 0 tons per mile 10 ft. wide). 

7. Coarse grit 2 inch gauge inch to ^ inch grade consisting ol 
70 per cent inch to inch and 30 percent | inch to g inch) shall then 
be spread unifoi ml}', by spinning baskets at the ratoofSicii ft. per 100 
sq. ft. (1726 cu ft pei mile 10 ft. wide), 

8. The .surface shall then again he rolled, first lightlj' over whole 
surface till all the bajri has gone into the intei slices and shall then be 
thoroughly watered and finished off as ordinarj^ water-boiind-maeiidain. 
The surface shall bo watched and rolling stopped when the binding 
materials are found to -worlc upto about ^ inch to ? inch of the surface. 
Anj' dcpicssions that may form shall he made up with J inoh gauge 
premix bajri. 

9. Next day tlio surface shall he lightly rolled again and any 
unevenness icmovcd. 

10. The surface shall bo allowed to dry for another da^' and trailio 
kept off. 

11. Tlic surface shall then be sprnjmd with tar at the rate of 18 lbs. 
per 100 Sq. ft. (4) tons per mile 10 ft. wide) and medium gauge (J luch to 
{[ inch) grit uniformly' spread at cn.ft. per 100 sq. ft. (1200 cu.ft. per 
mile 10 ft. wide) and rolled in. 

12. The surface shall then bo sealed with tar or bitumen at 14 lbs. 
per 100 sq ft. (3J tons per mile 10 ft. wide) and fine (i inch to ] inch gauge) 
grit spread at ij^ cu.ft. per 100 sq. ft. (800 oii.ft. per mile 10 ft. wide) and 
the whole surface rolled in. 

13. The road shall be kept closed to traffic for 4 to 6 days at least. 
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APPENDIX •B’ 

SPECmCATION FOR 'SEMI-GRODT* WITH 4 INCH. METALLING. 

1. A 2 in, to 1 in cnshioD of good clay earth shall bo spread 
uniformly on the consolidaled soling coat and thoroughly saturated and 
lightly laked 

2. 2 in. thick atone metal of li m to 2 in gauge shall be closely and 
uniformly spicad .and hand-p.ickcd to proper camber ovei the earth 
cuE-hion, 

3 5 to 8 per cent free quariy seieenings shall then be uniformly 
spicnd over the surface .and av.ished down into the intcisticcs with avatcr. 

4 The remaining 2 m thick of clean dry metal IJ in to 2 m. gauge 
shall then he uniformly .spicad and p.articalar cate taken to closely hand- 
pack it, so that the carpet is quite even aud dressed to correct camber 

5. The surface shall then be first rolled dry starlmg from the sides 
towards the centre and then consolidated with water as for ordinal y 
‘w.ater-hound-maca(lnm’. The rolhiig shall be stopped when it 13 found 
that the surface is sufficiently consoh^ted, that roller wheels leave hltle 
impression on it and that the binding materials have woikcd upto about 
i in to 2 in. of the surface. Any depicasion that may appear shall be 
iiiade up with the metal, a 5 per cent leeei vc of whtob shall bo kept for the 
purpose from opemtion 2 and 4 above. 

6 The surface shall llien be allowed to dry out for a day or so and 
traffic kept off. 

7. Road Tar shall then be uniformly sprayed by means of a sprayer 
over the dry surface at the rate of 26 lbs. per 100 aq. ft. (or 6 tons per mile 
10 ft avide). 

8. Coarse grit 2 in. gauge (i m to J in. grade consisting of 70 
per cent 2 in to ^ in, and 30 per cent J in to 2 m.) shall then bo spread 
uniformly by spinning boskefs at the rate of 3^ cu. ft per 100 Sq, it. (01 
1726 011 . ft. per mile 10 ft. wide) 

9. The surface shall then be rolled dry and the coDPoiidation 
continued and completed till the bo]d is firmly wedged in position and 
there is no movement of the surface vrador the, roller. 

10. Next day the surface shall ba hghtly rolled and any unevenness 
that may appe.ir shall be removed with premised grit. 

11. When the surface has dned out, it shall be dusted and cleaned, 
tar sprayed at the rate of 18 lbs perlOOSq ft. (4^tonsper mile 10 ft. wide) 
and medium gauge (J in. to | in ) gnt uniformly spread at cii ft per 
100 Sq. ft. (1200 cu. ft. per mile 10 ft unde) and rolled in 

12 The surface shall then be sealed witli Road Tar or Bitumen at 
14 lbs per 100 Sq. ft. (3^ tons pei mile 10 ft. wide) and fine grit (J m. to 
J in gauge) (.picad at li cu fi. per 100 Sq ft. (800 ou. ft per mile 10 ft 
wide) and whole surface rolled and finished. 

13. The load riiall be kept closed to traffic for about 2 to 3 days at 
least. 

Note — ^In raerstion 9, aprinkliog of a Iiitlo wator over tlie Burface after having 
lightly lolled ID the ba;ri will ho found honoficial. 
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APPENDIX *C'. 

BUILT UP SPRAY GROUT (DRY) SPECIFICATION WITH 4 IN. 

METALLING. 


1. A I in. to 1 in. cushion of good clay earth shall bo spread iini- 
foniilj' on the consolidated soling coat. 

2. 2 in. thick stone inctnl of 1 J in. to 2 in. gaiigo slinll bo closely 
and iiniforinly spread and hand-pnckci? to proper canihcr over the cai t h 
eiihliioii. (Tins metal shall be iroiii niirler tlie “.tacks, the toji elcnncr 
metal being Icejit for spreading on top). 

.3. i) to 8 per cent, tree quarry scieennigs sliall then bo uniformly 
spread ovei the .surface. 

4. Tlic reniauiing 2 in. tlnclcnc'.s of clean diy metal 14 in, to 2 in. 
gauge shall then be uniformly .spread and iiarliciilai care .sliall be taken to 
linnd>p.aek it so that the crirjiet is quite even and drc’sed to coircct 
camber. 

5. Tlie suiTace slinll then be lolled dry starting fioin the sides to- 
wards the centre. Anv dcjncHsioii that ma}' appear sliall be made uji mtli 
the metal, a small (2 to 3 pci rent ) lesoivc ol u-liich shall bo kept for the 
pill pose fiom operations 2 & 4 above. The diy tolling shall bo continiied 
till the iiictal gets fairl3' inlci locked without ciuslnng the metal. 

(i, Rond Tar No. 2 shall then ho uniloiinlj'' spiaycd by means of a 
spraj'cr over the dry .surface at the late of 30 lbs. per 100 Sq. Ft. (oi 8 5 
tons pel mile 10 ft. wide). 

7. Coaivo grit— 3 in. gauge (| in. to J in consisting 0(70 per cent .{ in. 
to 2 in, and 30 per cent f in. to J in . shall then bo sjucad unifoiiiii,v by 
spinning baskets at the into of 41 cu ft. per 100 Sq. ft. (or 2400 Cn. fi. pei 
mile 10 It uidc), 

8. The BUI face shall then bo i oiled liglitly with the S. R. Roller. 
Being fresh it will icsiimu and foi in ikIuon iindei the lolhs' wheels and 
tliereioio oiil.v a feu till ns shall be given jii'.t to lightly wedge in the grit 
and sin face left to .season. 

9. Next day in summer and (after B or 0 hours in wintei) the 
.sin face slinll be thoroughly rolled till .all the Iflt coat, grit is fanl.v wedged 
in position and there is no movement of the Bin face undoi tlie i oiler. Any 
imeveimess that iiinv appeal in the final Hiirlaee shall bo leinovcd uith 
pieimxcd giit. 

10. Wlien the surface lias dried out, it shall bo du.sted and cloancd, 
tar spraj-ed at the late of 18 lbs. ])er 100 Sq. ft. (4} tons per mile 10 it. 
wide) and medium gauge (} in. to ij in.) gut iimroimly s])iead at 24 Cu. ft! 
pci 100 Sq. ft. (1200 cu. ft. pei mile 10 It, uidc) and rolled in. 

11. The Hill face shall then he .sealed witli tar oi’ bitumen at 14 lbs. 
per 100 Sq. ft. tons pci mile 10 ft. uicle) and fine grit (j in. to J m. 
gauge) spread at 11 cu. ft. iier 100 Sq. ft. (800 On. ft. poi mile 10 ft. wide) 
and u hole surface rolled and finished. 

12. The load shall bo kept closed to traflio for 4 to 6 days at least . 
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APPENDIX ‘D’. 

MODIFIED SPECIFICATION FOR ‘BUILT UP SPRAY GROUT 
DRY SPECIFICATION* WITH 3 IN METALLING 
OVER BRICIC OR STONE SOLING COAT 


1. 1/3 in. to 3/4 111 cushion of good clay ciirth plmll be spread 
iinifonnly on tlic edn'-olidnicrl soling coat. 

2. One lavci (l^ m tliiek) of stone metnl of 14 in gauge shall be 
closely and nnifoiinlv s]nead and hand-packed to piopei cnnibci ovoi the 
caith cushion. Caic to be taken to use metal fiom under the stacks and 
keep the cleniici nielal for the top coat 

3 B to 8 per cent of fiee qitnny Rcrcenings shall then bcseieciicd 
and unifoimly spread ovei the snifaee. 

4 The Ivilancc of IV in. eh‘aii metal shall then he )in<foiinly spicnd 
and particiilai enio shall be "taken to hand-jiaek it so (hat the eat pel is quite 
even and di C' sed to eon eel. cambei . 

5. The suifacc shall then be lulled dry stalling fiom the sides 
towaidB the ecntie. Any depression that may apjieai shall be made iqi 
with the siiinll (2 oi .3 per cent) leservo of metal, winch shall be kept for 
the purpose from opeiations 2 & 4 above The diy rolling shall be coal i- 
nued till the inelal gels fairly mterloekod, without eritsliiiig thi' metal It 
is imperative that when the dry rolling IS completed, the suifacc should 
be absolutely uniform and ni piojiei camber and giacle 

0. Road Tai No 2 shall then he unifoi miy spi ead by means of a 
speajcT over tbodn surface al the i.sle of 33 Jbs pei 100 Pq fl,(oi 7 75 
tons per mile 10 ft sside) 

7. Goal eo gut 3/4 m gauge (1/4* to 3/J* consisting of 70 pei rent 
3/8 in. to 3/4 m and 30 per cent. 1/1 in. to 3/8 in ) shall then l.e spicad 
nndormly by .spinning baskets at the into of 6} cu. ft. pei 100 Sq ft (ni 
2800 Cii. ft ])i'r mile 10' Midc) and liglilly Killed m. 

8 Next day in suiiiinci — (the same day after 5 iir 6 hours in 
wintci) the Miiface shall then bo thoroughly rolled diy till all the bajii la 
fiiinly uodgcfl m po'ition and their IS no nioi einent of th • nnfaee under 
the lolloi. 

9 After a day the suifacc shall again he lightly i oiled and any 
nneixuiiess lh.it. may appear be icmoyed 111111 pic-nnxcd grit 

10. The suifnec shall then be dusted and elenned and t.ii sjiiead at 
the r.ite of 21 lbs pci 100 Sq ft. (5 tons pci mile 10 ft nidc)aiid medium 
gnuuc (l/4in to 3/8 in.) grit unifoimly spicnd at 2 V cn ft per 100 Sq ft. 
(1300 cii. ft pci mile 10 ft. iwdc) and thoiouglily rolled in 

11 Any small nnovenness Hint might still be lem.iining in the 
fiiufate should be taken out with pie-niixcd bajri after the second coat 

12 The sinf.icc .shall then be se.alcd i\ith t.ii oi bitumen @ 14 lbs. 
per 100 Sq ft (3| tons per mile 10 ft wide) .and fine gut (1/s in. to 1/4 in. 
gauge) spiead at l^ cu. ft per 100 Sq ft (800 cu. ft. pei iin'e 10 ft \iide) 
and ti’hole sur/iice rolled and finished. 

13. The road shall bo closed to traffic for at least 4 to 5 days. 
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APPENDIX ‘E». 

li'INAL BUILT UP SPKAY GROUT (DRY) .SPECIPICATION WITH 
;j INCHES iMETALLING. 

All ojMTiiliciiH aip in nccordnncp •\viUi the inodificd •'jii-i'jfjciition D, 
(*xc-i'|)l Hint Hi(‘ qiiiiiititit's of binder and biijii in the \-inioii-' .sprn\ c’onls 
shall liu a'< niuloi 



Bindor. 

Grit . 
on. tl. 

IsL Cnal, pop 100 iSq It. 

21 lbs. 

•■51 

ppp Milo 10 ll. ivido. 

5.0 ions. 

2800 

II Coat, pop JOO Sq. ft. 

.10 lbs. 


]ioi Milo 10 ft. wido. 

7.0 tons. 

l-JOO 

HI Coal, pi'i 100 Sq. fl. 

17 lbs. 

1> 

jior ililo 10 ft. ^\ld('. 

4.0 tons. 

700 

Total JKM 100 Sq. It. 

ns lbs. 


per Milo 10 ft. Mido. 

in tons. 

4900 



ISO 
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APPENDIX ‘H’. 


Comparative slatcmpiit showing average cost per mile done Avith vai ions 
.specifications (including soling coat but excluding cost of formation). 


Fnrlioiilars. 


( 1 ) 
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1 . Built-up-Spray 

Grout-drv 4 in. 9,074 

i2. Modified .'ind final 

B. U, 6 (dry) 3 in. 6,993 


3. Scini-gront 4 in. 0,226 

4. Scini-giout 3 in. 5,462 

5. Stone soling 

3 in. thick 3,233 

6. Stone soling 

6 in. thick 4,722 

7. Biickoncdgo 


soling 4^ in. thick ' 4,100 


90S I 7,682 14/0/- For total 

i cost includ- 

j ing soling 

751 0,747 12/13/- coat hut 

excluding 
formation, 
please add 
cost ofholiiig 
giA’cn against 
itcm.s 6, 0, 

7 & 8. 

727 I 3,000 1 7/8/- I 


1,062 .5,784 10/15/- 


923 5,020 9/8/- 


900 7,120 13/8/- 
728 6,190 11/12/- 


8. Flat Brick soling 
3 in. thick 


2,761 


621 


3,380 


0/6/- 








APPENDIX B' (a). 


Details of cost of Wearing«Coat>Crast complete Hith Surfacing per mile 
10 ft. wide for various specifications. 


I. Built'up'spray Grout (dry) witli 4 inches metalling. 



Quantity. 

Rate. 

Per unit 

Amount. 

(i) Mftal 00110 ( 11011 . 

17600 cii.ft 

R=. a p. 
13-10-0. 

100 cu ft 

E>. 

2.398 

(ii) Con‘'olicl.itioii 

17C00 .. 

.3-12-0. 

tl 

OGI) 

(ill) r.oiid 'J'ai No 2. 

16 ton^. 

163- 0-0 . 


2640 

fiv) Gilt 

4400 cu.ft 

16- 8-0. 

100 Clift 

72(. 

(v) Labour for •'Uifncc') 
treatment J 


250-0-0. 

mile. 

250 


Total • — 6674 


If. Modified and Final Built'up-spray Grout (dry) with S inches 
metalling. 


(i) Metal (ollcetion. 

13200 eu ft 

1.3-10-0 

100 eii ft 

1799 

(ti) Goiisolid.itinii 

13200 

3-12-0 

II 

495 

(ill) Road T.u No 2 

16 toil'? 

165- 0-0. 

Inn, 

2640 

(iv) Gnt. 

4900 cu ft 

16- S-0 

100 cu ft 

800 

(v) Liboiii for MiifaeiO 





treatment. J 


250- 0-0. 

mile. 

260 




Total — _ 

5993 

m. Semi-grout with 4 inches metalling 




(i) Metal rollcction. 

17GOO cu ft 

13-10-0 

100 in it 

2398 

(ii) Coii'-olidatioii 

17600 „ 

3-12-0 

II 

660 

(ill) Road 'J'ar No. 2 

134 ton*- 

105- 0-0. 

ton 

2225 

(iv) Grit. 

372.5 cu ft 

16- 8-0 

100 rii It 

615 

(i) Laboui foi surface") 





tieawnent J 


.250- '0-0 

mile. 

250 

(vi) Watering. 


75- 0-0. 

nule. 

75 




Total 

0226 

IV. Semi-grout with 3 inches metalling. 




(i) Metal collcutioii. 

13200 cu ft. 

13-10-0 

100 cii.ft 

1799 

(ii) Convolidation. 

13200 „ 

,3-12-0. 

II 

495 

(in) Road Tar No, 2. 

13] toil'. 

165- 0-0 

ton 

2228 

• (iv) Grit. 

3725 cu. ft. 

10- S-0 

100 cu. ft 

615 

(v) Labour charge'i 


250- 0-0. 

mile 

250 

(vi) Wattling. 


7bJ- 0-0 

mile 

75 




Total 

5462 
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APPENDIX ‘H’ (b). 


Details of cost of Stone Soling and Brick Soling per mile with various 

Thicknesses — Width"! 1 feet. 


!■ Stone Soling 3 inches thick. 

Qusinlity. RaLo. Per unit. Amount. 


i Soling stone 3 iiK-bc.s 

Rs 

a. 

ft- 


Rs. 

gnnse 

14520 cu. ft. 10 

0 

0 

100 cn. ft. 

2750 

11. Coii'.olid.il.inii 

14520 2 

12 

0 

• • 

.309 

lii. Waterinu 

75 

0 

0 

mile 

75 

Add average 

prciniiini ^ 22 1 

per 

cent 

Total 

727 

3000 


IT Stone Soling 6 inches thick. 

i Soling stones . 2fl0-10 on ft. 13 *1 0 100 cn ft. 384R 


11. CoiiRolidal ion . 20010 2 12 0 „ 70!) 

iii. Wnlorinc . T.*) 0 0 mile 70 

4722 

Arid average preminin (a' 22i poi cent 1002 

Tolnl 5784 

S.iy 5780 

TTI. Brick Soling 44 inches thick. 


i Collection of brioka 21780 cu. ft. 10 0 0 100 cn. ft. 3480 


li. Consolidation . 21780 „ 2 8 0 ,, r>4r) 

iii. Watering .. 75 0 0 mile ’ 7); 

Add average ]iremium 224 per cent 02*3 

Total 5023 

Say 5020 


r\^. Brick Soling 3 inches thick. 


i Collection of biicks 14520 cu. ft 10 0 0 100 eii ft, 2:)23 


ii. Consolidation ., 14520 „ 2 8 0 „ 3G3 

iii, Wiitonng . 75 0 0 milo ” *7.5 

Add average prciniuin (f^ 221 jier cent G21 

Total 3382 

Say 3380 
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- Monday, Oct. 4lh, 1943. 

■ Mr. J. Yesugar (Chairman) called upon Mr. Abdul Azk to intro- 
duce his paper. The above paper was taken as read. Mr. Abdul Aziz 
introducing the paper said : — 

My paper deals with the speedy and economical specifications adop- 
ted for the construction of certain Strategic Roads in the North west of 
the Punjab. The areas in which the roads have been built are difficult, 
dry, mostly barren, and cover sandy, plain, hilly, semi-hilly, and badly 
broken craggy land. Rainfall is low — about 6 ins. to 10 ms. There arc no 
canals. 

Acute scarcity of water even for drinking purposes and difficulty of 
transport of materials over the old, rough, steep tracks were the difficulties 
to be tackled. 

In the Punjab the general practice is to use 6 ins. stdne or ins. brick 
on edge for the soling or base coat. On these roads 3 ins. flat brick and 
3 ins. to 4 ins. stone soling has also been used in certain miles as detailed 
on pages 163 and 165, according to the availability of materials and nature 
of sub-grade. 

Use of thin soling coat is not an established practice and the miles done 
as such on these roads may be considered as an experiment on a large 
scale. Bullock cart traffic is light in this area and so far the miles with 
thin soling coat have stood up well to motor traffic, which has been as 
much as i ,soo tons a day over certain miles. 

Construction of water-bound macadam acroiding to old practice and 
sealing with tar or bitumen after sometime practically out of date in the 
Punjab. 

e 

The specificatwns followed for the building of the wearing coat crust 
fall under two categories : (a) wet and (6) dry. 

(а) Where sufficient water could be had expeditiously and at reason- 
able expense, saving of time being the guiding factor, the semi-grout 
spcciflcation as detailed in Appendix B was followed. In this specification 
the wearing coat I's partially (about 80 to go per cent.) consolidated as per 
ordinary water-bound and rolling is stopped when the metal is fully inter-* 
locked and the filler or blinding from the bottom has worked up to within 
1/2 in. to 3/4 in. of the surface. 

Three coats of Road Tar No. 2 were then applied (mostly with the 
Harris Trolley Sprayer) at the rate of a total 5 7 lbs. of tar and blinding with 
7 cu. ft. of 1/8 in. 3/4 in. gauge grit and surface finished as per operations 
given in the specifications. 170 miles have been done to this specifieation 
in my Division alone. 

(б) In miles where sufficient water could not be had for the wearing 
coat, the all-dry specification, called the built-up-spray-grout (diy), was 
adopted. Detail of operations is given in Appendices G to E. The 
wearing coat was consolidated' dry and then spray-grouted and finished 
with three coats of tar at the rate of a total of 68 lbs. of binder and 8f cu. 
ft. of 1/8 in. to 3/4 in. grade grit per 100 sq. ft. This specification is a 
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fairly close proximation to tar concrete at a very much reduced cost 107 
miles have been constructed to this specification,' 

The actual average cost of the two specifications including 22^ per 
cent, premium imposed by War conditions has been only ^.6,196/' to 
Rs, 7,582/- per mile lo/t. wide or Rs. 11/12/- to Rs. 14/6/- per 100 sq. ft. 
Please see Appendix H, page tSi. The dry specification cost about Rs. 
500/- more than the semi-grout. * The economical and speedy semi-grout 
or the wet specification has already been very successfully followed 
in the construction of other Provincial Roads too; but the built-up-grout 
dr^' specification as detailed in the P.'iper has been tried on .1 Inigc scale 
only on the Strategic Roads. The specification is standing up very well 
under trailic and the results have been very encouraging. Bclnaviour of 
tliese specifications has been discussed in the P.apcr at page 1 72. I trust 
the lead given by the Punjab in trying out and evolving these economical 
and at the same time durable specifications will be of use to other 
Provinces. 

Mr. N. T. Gnanaprakasam, (Madras) : — 

With regard to soling coat, it would be of interest to know if 
gravel (moorum) was used as a soling coat. Gravel lias been used suc- 
cessfully as a soling coat and it would have been particulaily suitable for 
expeditious work. It is also less expensive. I would like to be infoim- 
ed if it was deliberately discarded .and if so for what reasons. 

With regard to the modified Built-up Spray Grout or Semi Grout 
described on page 167, it is stated that a little quantity of water is added 
after the first coat of tar was sprayed and consolidation completed. And 
in the foot note on page 1 76, it is also stated that sprinkling of a little 
water over the surface after having lightly i oiled in the chips will be 
found beneficial.* Generally speaking, better penetration of tar can be 
expected only when it is still hot and the presence of vyatcr and moisture 
is not conducive to better bleeding of the bitumen. It, therefore, appears 
a little strange that die addition of water at that stage should improve 
the surface. I shall be thankful if the learned author throws some 
light on the subject. 

It is seen from the statement' given on page 169 that the spccifi- 
’ cation which was most extensively adopted is the semi-grout specification. 
Comparing the specification described in Appendix *‘B” with the specifi- 
cation given in paper H-39t by Rao Bahadur A. L. Rao, the _ main 
diifcrcncc appears to be that thc.spraying in the present specification is, 
done in three- difTcrcnt operations, whereas in the 1939 specification. 
It IS done in one operation. In both the specifications, approvmatcly 
the same quantities of bitumen and jelly arc used. ^ Tlic 1939 specifica- 
tion has one advantage in its favour that it is quicker and would there- 
fore be suitable for expeditious work as in the present _ ease. No doubt 
the 1939 specification was lecoramendcd mostly for existing viater-bound 
macadam roads but there appears to be no reason^ why it should not be 
adopted for new constructions also. I would like to know if that 
specification was tried and if so with what re sults. 

t PaperNo. H-39— An economical subititute for water bound macadam, by A. 
Labhininarayana Rao —Sixth Frooeedinga. 
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Rai Sahib Fateh Ghand (U. P.) 

Specifications. 

Use of clay . — Clay in a thin layer is certainly useful in newly 
constructed roads but the quantity in my opinion should not be more 
than the- minimum required to fill up the voids. The quantity used in 
this case appears to me to be too much for inches or 2 inches thick 
layer of metal spread over it. My experience is that if the whole of the 
clay is not'used up in filling voids, the balance left between the wearing 
coat and the soling coat forms a soft base for the wearing coat and 
results in undulating surface particularly under the action of water from 
the sides as the berms are not always maintained in level with the sur> 
face of the roads. 

Use of screenings. — I have not tried this method and I do not know 
what advantage would result by giving screenings in between two layers 
of 1^ or 2 inches thickness of the wearing coat. To me it appears to 
be superfluous and disadvantageous inasmuch as it separates the wear- 
ing coat into 2 thin layers. I would like to know if any portion or por- 
tions were made without the use of screenings in between the two layers 
and if so with what results. 

Qrit , Gauge of screenings. — Instead of using from 1/4 inch to 3/4 
inch gauge in one lot, it might 'be found to be better to separate the grit 
into 1/2 in. to 3/4 in. gauge and 3/4 in. to 1/2 in. gauge respectively. 
This method was demonstrated by a representative of the Burmah Shell 
on the Nchtaur Dhampur road in Bijnor District and was found to give 
much better results than 1/4 in. to 3/4 in. grit spread in one lot. 

The author complains of scarcity of water. Did he try the methods 
of grouted and semi-grouted roads described in Mr. S. N. Chakrabarty’s 
paper which do not require the use of any water ? Also the road could 
be opened to traffle earlier if surface painting had been done instead of 
.grouting. ^ 

Formation and sub-grade. — I agree with the author that a low 
formation has several advantages' and should in my opinion be accepted 
as a rule even for ordinary roads in the Dfstrict. One of the greatest 
advantage of a low level formation is that the road metal has a longer 
life due to a comparatively more stable sub-grade, and that it is very 
much easier and less costly to maintain the berms, which are a constant 
Source of trouble in the case of high formation roads; I have noticed 
that on the Bijnor-Mccrut road, where the formation level is about 3 feet 
above the surrounding ground level, the berms get always broken up and 
become lower than the level of the metalled portion particularly where 
the soil is soft, while on Bijnor-Gunj Road on which the formation level 
is only g inches above the surrounding level, the berms arc always main- 
tained in good condition at half the expense. When- I was sent to the 
Punjab in 1928 to study the road grading system there, under the 
guidance of Mr. S. G. Stubbs, I. S. E., I came across a note by Mr. 
Mitchell emphasising the point that the soil at a low level is compara- 
tively more stable than that at a high level. During the past fourteen 
years, this has been fully prove^d by experience on the maintenance of 
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both the Katcha and Pucca roads .Tlic cliicf reason slated by Mr. 
Mitchell was that the moisture near the surface helps the low-level roads 
a great deal and grass grows more easily on tlicm than on high-level 
ones. 


Soiinq Cont —In the Bijnor District, I have successfully used three 
inches biick or rn brick ballast (before consolidation) for average 
traflic roads Accord Ins' to my cspcricnce, the suifaceof metal consoli- 
dated on sandy portions is not as lasting as in the c.ase of roads on firm 
soil The portions of the Chandcpur-Scohaia and Nchtaur-Shcrkot roads 

l.aid on sandy soil are .a constant source of trouble The rc.ason is ^ clear. 
The sides of the sandy sub-sotl not being confined, the sand slips out 
undci the vibrations .and eight of the traffic, and there are occasional 
patches The troulifc of consolidating the soling coat on heas'y sand by 
mc.ins of a ten ton roller is always there. Two sets of rollers arc not 
.av.iilablc m all ciascs, p.srticiilarly so fat .is the district engineers of the 
District Bo.irds arc concerned. They h.n’e to work with one roller only. 
The remedy that I tried successfully nas to put a inrhes das' over the 
sandy soil which not only made it easier to consolidate the soling coat 
but also g.ivc tlic metalled smCicc greater permanent siabiliiy. Laying 
bncks completely together instead of broken brick ballast after sprink- 
ling water over the s.tndy surface was also found helpful. In my opinion 
the gn-idicnt of the ro.id should not be increased disproportionately to 
cross the sand dunes A little clay put over the berms helps such por- 
tions a grc.it deal. .Sand coming over the svatcr-bound mac.idam surface 
is helpful as it acts ns blinding. Extra quantities c.m be removed by the 
permanent gangs. 

Mr. 11. A. Harris (Punjab). By Correspondence:— 

1. I would like to congratulate Mr. Abdul A/Ia for his very interest- 
ing paper in which he has outlined in an apt and concise manner various 
spccific.ittons used for the construction of strategic roads in his Division 
and in fact for all new road construction in this circle. 

2. As stated by him, these specifications constitute almost rcvolu- 
tionar) change in the mode of road construction and is a complete sssilch 
os'cr from the orthodox form of ordinary' water-bound macadam sviih two 
'coats of tar. One of the main advantages in spray penetration or semi- 
grout IS that it is a very clastic specification and provides a very rapid 
form of construction which can easily be modified to meet nearly every 
condition sshich mav confront a Road Engineer during construction. It 
also enables the use jof soft aggrcg.itc to the best advantage 

3. Bmli-up-Spray-Pcnctration is rc.iUy an casj' way of obtaining 
in situ an aggregate coated with binder or premix or ^ tar macadam. It 
was first adopted by me in 1931*32 o*' Kalka-SimLi Road where I 
had been laying premix carpets, but on .account of the narrow width of 
this hill road and difficulties experienced with heating and curing tlic 
aggregate coated with binder, it was found necessary to find a morc casicr 
mode of construction. Later in i 934"35 i" the Lyallpur Division, a 
number of miles on the Lyall pur Chiniot Road svcrc constructed lo the 
specification given below, but as ray Superintending Engineer at the time 
was not in favour of this mode of construrtion, majority of miles were 

' j r. 
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’ ^BUILT-UP - SPRM GROUT 

B—W —— i— O— — CiWII ’■ nil — — 

SPECIFICATION M / 



/. -3jtlN TO UN LA^ER OF EARTH B'fiZ SPR/NKEO WITH WATER 
Z ZIN COAT OF METAL ClOSELf HAND PACHEP SrSATURATED WITH 
\1ATER 

5 J5, OUARR')/ scree NINO V'lTN RACHINO t. SCREENING FROM UNDER- 
NEATH THE METAL STACK'D SATURATED VHTH WATER 
*. a W COAT OF METAL CLOSELY HAND PACKED 
5 SPRAY COAT OF N9 ZTAR OVER LIGHTLY ROLLED SURFACE AT RATE 
OF ruo GALLONS PER7. SEE t e 7 TONS PER MILE IZFTROAD OR 

'/.sn 

t coarse LOCAL hard sand STONE or PATHANHOr BAIRI t^lN TOif^tN 

GAUGE, SPREAD UNIFORMLY AT Sf-gC FT PERT. SFf 
? SPRA Y COA T OF TAR OR BITUMEN AT 6 TONS PER N/LE IZ F^ ROAD OR 
/ 7 GALLONS P£R% S FJ OR ZO LBS’/. SF£ 

, S PATHANHOT BAJRI'fyIN TOS/^IND, 'fylN TO'^IN SPREAD UNIFORMLY 
IN TWO SEPARATE OPERATIONS AT ZCFT PER'/, SF^ 


SPFC/F/CATION m 2 



i S/t-IN layer OF EARTH WELL SPRtMKED WITH WATER 
B SIN COAT OR to SMC FT OF METAL PER AVLC KFT WFLL SATURED 

viTii water 

3 57, quarry screening UNIFORMLY SPREAD SYITIL SATURA T£0 YHTN 
WATER 

A %IN COA T OK GfiOO C FJ OF METAL PER M/LE tSFf CLOSELY HAND 
PACKED h LIGHTLY ROLLED 

S SPRAY C0A7 OF TAR&S TONS PER MttE IZpZ OR / * OAUONS PER'/. 
6F^ OR 17 IBS r.SFT 

e ti/ 4 iN COAT OR t. eoa c f^ ofmeial per mile /zf^ closely hand 

PACKED Pf ROLLED 

V SPRAY COAT OF7AR N9Z ATS TOYS PER MILE IZ Fi 0R,t70ALLONS 
PER'I. SFT OR ZOLBS'LSFp 

P COARSE LOCAL HARD SANDSTONE OR PATHAHKOT BAJR! 'ig,INTOSHiN 
GAUGE SPREAD UNIFORMLY €> S^CFf, PERT, SFT 
a SPRAY COAT OF TAP OR BITUMEN^ D TONS PER MILt IZF^YIIDE 
OR It OAILONS per '/ SFl OR IT LBS% S FT 
10. PATNANKOT BAJRI '/^.IN TOS/g/N 8r>/glNTO'/4.IN SPREAD UNIFORMLY 
' /// TWO SEPARATE OPERATIONS At Z C FT PERT. SET- 

Note - . 

rOK nrfffWAli OP Atf OLO ^r^AtLfO iPPAO SCJiK/PY rpfC 
PAHi * H^rzs 7H£ SUt\»GFAOl TQ CAMSP^, ThS^ lAV f^CTAL A30Vt 
ON gAVt/PArSO SU^CACf AfO AOO'TIO* CP" ^AtlJN /J 
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construcled to the scmi-giout \\ater-bound specification (moie conectly 
called spray-grout 01 spray penetration). This specification was, however, 
almost cntiiely given up m favour of butlt-up-spray penetration for the 
Lyallpur Jhang Road, major portion of which was constructed under the 
supervision of Mr. Abdul Aziz, firstly as Student Engineer under training 
and later as S D O , as it was found that with soft sand-stone metal 
udthout the use of blinding on top as is customary' with ivater-bound 
micadam, the metal tended to crush necessitating either using more tar, 
or brushing out the crushed metal before applying the first spray coat. 
At that time I svas limited to use only 12 tons of tar per mile for a I2 ft. 
width, as this was the quantity sanctioned for ordinary svatcr-bound 
macadam srith two coats of tar. However, by reducing the labour cost 
for surface painting, as no cleaning of the road with brushes had to be 
done with this specification, I was able to save sufiicient money for the 
provision of two more tons of tar per mile, making 14 tons in all per mile 
12 ft. width or 49 lbs per 100 sq. ft. 

4. Botli these roads at the present time are in excellent condition 
and all the miles have maintained their camber and die riding surface is 
one of the best in the Pro\'incc w’hich, I think, speaks for itself for this 
specification The soling coat w'as brick on edge laid diagonally. 

5 In the early stages of this type of construction, the hcawer 
sprav-coat was presided for the inidal spray, but it was found that special- 
ly if a road has light traffic, it is adsisablc to reduce the quantity in the 
initial coat and make each coat more or less the same, tending, if anything, 
to the heasier coat being given on top. 

.6. For runways and dispersal tracks of airfields constructed in this 
circle, the specification adopted is 4 spray coats (Mexphalrc 80-100 pene- 
tration) each of 17 lbs (for detailed specifications see pages 18511 to 1) 
making 68 lbs in all. This has since been modified and the first 3 spray 
coats have been reduced to 14 lbs each and the final coat 17.5 lbs. per 
too sq. ft. making approximately 60 lbs. per 100 sq. ft. for the completed 
surface. 


7. AVhcrc w’atcr w'as available, it has been used, but the major 
portion of the dispersal tracks and majority of hard standings have been 
constructed drj' 

8, Use of water for spray-penetration-consolidation has been very 
much criticised, but I am convinced from ray observations and results 
obtained that the use of water is not injurious and the results obtained 
•are \e.ry much better where w'atcr'is used. Mr. Abdul Aziz has given 
interesting figures of w’ater required and it will be seen that the quantitj' 
is not much The quantity of water should be kept down to an absolute 
minimum and only sufficient water given to make the hoggin or cushion 
beloiv plastic, so that voids left after mechanical locking arc filled from 
imdemcath and a good bedding is provided to the under side of the 
metal. 

9 Use of water on bn :k ballast before spraying has proved most 
valuable as it is found that the absorption into the bnek ballast is 
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materially reduced if this is done. It has also been found that instead of 
giving a heavy initial coat on brick ballast, or friable, or open te.\ture 
sand-stone, it is definitely beneficial to give the same quantity in two 
thin consecutive coats; the first spray-coat after it has set or coagulated 
into the pores of the metal tends to reduce the absorption of the subs- 
equent coats by the aggregate. 

10. An interesting experiment has very recently been tried with 
success on .the Lyallpur Toba Tek Singh Road with built-up-spray pene- 
tration consolidation without the nsc of any bajri. Owing to the res- 
triction in obtaining railway wagons for roads which arc not of military 
importance, no bajri could be obtained for this road. For the entire 
length, metal had been collected prior to the war and a brick soling 
laid and as the soling was showing marked signs of rutting, it was 
decided to try ‘and save it from further deterioration by providing a 
wearing coat. 

1 1. At first no steam roller was available and it was therefore 
decided to consolidate these miles with ton bullock roller hauled 
by manual labour. Two miles were actually completed in this manner 
after which two rollers were obtained and in all upto date nine miles 
have been consolidated. The specification adopted was practically 
the same as specification No. 2 except that no bajri was used and 
instead all the metal was screened and graded out into three grades 7. c. 
Grade I, in. 2 in. gauge, Grade II, i in. — in. gauge and Grade III 
I in. and below with 5 per cent, screenings free of earth. The wearing 
coat laid was 3 ins. The operations for this work were briefly as detailed 
below: — 

(1) £ in. to I in. layer of earth on soling sprinkled with water 
and raked ; 

(2) The equivalent of ins. coat of metal, ijins, to 2 ins gauge, 
closely hand packed and lightly rolled ; 

(3) Spray tar at 17 lbs. per 100 sq. ft ; 

{4) Spread the equivalent of I in, to 1 in. of metal, i in. to A in. 
gauge with spinning baskets ; 

(5) Roll again lightly and water sparingly ; 

(6) Spray with 20 lbs, of tar per loo sq. ft. ; 

(7) Spread the remaining i in. gauge metal and all screenings 
free of dust ; 

(8) Roll and water fairly liberally, then blind with sand or 
silt approximately 400 cu. ft. per mile. ^ 

* 

12. With the light roller it was found that very good results 
were obtained by using 1,000 ft. of 1/8 in. to 3/8 in. bajri per mile 
instead of sand. For this purpose a portable granulator was used, but 
it went out of order and in the remaining 7 ^iles which were consolidated 
with steam roller, no extra bajri was used, but instead excessive 
rolling was done to pulverise the stone and so fill the voids. 

13. These miles have been under traffic foi 6 months and are 
in excellent condition and it is difficult to distinguish theii surface 
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from those consttiictcd to spcciHcation in which bajri is used. Further 
work on this load, however, has lieen stopped in order to eonserve 
binder for moic impoi taut roads 

Specification for four-Spray-Coat Work. 

Consolidations of wearing coat and surfacing. 

After the cnmljrc on the soling has been checked, two bunds 
of clay puddle g inclics wide .ind 6 inches deep shall be made along 
the outer edges of the mct.alHng and the inside edges made vertical 
by placing .1 pl.mk at the time of moulding these bunds The stone 
metal shall then be spread unifoimly to a depth of about 2 inches 
over the soling (without removing the earth from the soling) and 
the fines available in the stacks of metal or the screenings supplied 
separately shall then bcspicad unifoimly over it. Immediately the 
scicenings and fines have Ijccn spread, a coat of metal equivalent 
to t inch shall then be spicad over the surface. All metal shall be 
spicad by spinning b.nskcts so as to ensure a uniform intensity of 
spicading over the cntiic width ofthciunway sinfacc. This spreading 
with a spinning basket is absolutely essential as it not only cnsuics 
uniform settlement but also grc.itly helps in seeming efTcctu'c mechanical 
locking and a quickci consolidation of metal with the minimum amount 
of crushing of the stone. 

Aftci 3 mclics of metal is spi cad in the above manner, the surface 
shall be sp.tringly w.itcicd to wash in the chips into the interstices. 
When a siifTicient length of the full width of the runway has been 
covcicd with metal, the svufacc shall be lightly rolled. 

Jot Sprrrif, It shall be caicfully seen that the surface has previously 
been washed *01 dusted clean of mud and dust. Then by means 
of a trolley sprayer or a light tai sprayer or a sprayer attachment 
to a landom roller, spray over this lightly rolled surface, w'hich must 
be quite diy, with 17 lbs. of tar 01 bitumen per 100 sq ft. 

The remaining metal, which is equivalent to i inch, shall then 
be spread again w'lth spinning baskets, particular care being taken 
that the whole surface is uniformly covered. 

Again roll the whole sui face until all the metal has worked into 
the carpet Then thoroughly w'atci and finish off as for _ordinar>’ water 
bound macadam. lYatcli the surface and stop rolling jusl^ w'hcn the 
blinding material is obscr\'cd to hasc w’orked up to within J 'e to * 
of the surface This will be obscrv'cd first on either side of the metalled 
width Make up any depressions which may form with metal and again 
check at this stage to see that the i unway is to the correct camber. 

2 nd Spiai) Coat Next day roll lightly again and remove any 
unevenness of the surface Then spr.iy a second coat of 17 lbs. of tar or 
bitumen per 100 sq. ft Spiaying should be applied uniformly and 
diagonally over the full metalled width. Over this spread B™, , ^ 
bajri (in to ^ in , at 2J cii ft pci 100 sq. ft. evenly and roll lightly 
till all the bajri has gone into the interstices 

3 rd Spray Coal After a good length of the runway has been 
a second spray coat, a third spray coat is then to be given using 1 7 lbs. 
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of tar or bitumen and 2^ cu. ft of grade II bajri (jrin. to g in.) per 100 
sq ft. Roll again and check the cambci making up any depressions which 
may form. 

» Final Spray Coal. To finish off the siuface, a fourth and final 
spray coat is to be applied immediately after or the next day at 17 lbs. 
of tar or bitumen per 100 sq. ft. and over this spread 2 cu. ft. of grade III 
bajri ( J m. to /‘ij in.) per 100 sq.ft, care lieing taken to see that this 
bajri, as in previous cases,' has been uniformally spread over the surface 
with spinning baskets, until all the interstices are filled. Roll until this 
layer of bajri has worked into surface and a smooth, compact granular 
mosaic surface is obtained. 

Note As an alternative specification, three spray coats may be done 
by omitting the spray coat between the two layers of metal and by 
increasing the quantity of tar or bitumen in the 3rd spray coat, which 
now becomes the second spray coat. Water for consolidation purposes 
in this specification shall be applied after the first spray coat has been 
given and grade I bajri spi*ead. Other stages are exactly the same as in 
the above specification. 

Collection of grit. 

Grit shall consist of eood hard tough and clcai watci woin bajri 
obtained ftom nallah beds, screened and stacked in bo.xes of2 j cu ft. each. 
The source from which the grit shall be obtained must be got approved 
by the Executive Engineer. If collection has been cai ried out m wet 
weather or eai th or clay is found adheiing tO' grit, the conti actor shall 
rescrccn it before acceptance at his oivn expense The grit shall be free 
fiom dirt, clay, leaves or 01 game matter and soft or decayed stone, 
and shall be of the square mesh specified. Sciecns used foi cleaning and 
grading the grit shall be provided by the conti actot. If sciecns arc 
arranged for the use of the contractor, he shall have to pay the cost of 
the same. 

Dispersal Tracks 

Foi dispcisal tracks specification is the same as outlined above with 
the exception that soling coat has been reduced to 4 inches and wearing 
coat to 3 inches instead of 6 inches and 4 inches given above. Where 
bucks arc available, certain approach loads will be constructed with 
soling of brick on edge instead of 4 inches stone soling. 

Mr. 'Abdul Aziz (Punjab) 

I am grateful to Mr. Harris for his comments and for adding 
valuable and inteicsting information about the specifications used in his 
Circle for the construction of runways with bitumen and the experiment 
done 'on the Toba Tck Singh-Kamalia Road. I have had the chance of 
seeing the runways under construction and the finished surface is excellent. 
As mentioned at page 172 of the Paper, the Tandem Roller with bitumen 
boilers carried on tenders devised by Mr. Harris admirably suited 
for built-up-spiay grout work with bitumen. 

Referring to comments by Mi. N. T. Gnanaprnkasam, Madias, 
I have to say that giavcl (moorum) was not used as a .soling coat; it is. 
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not also clear to me as to how moorum or grav’d which is ordinarily of 
small gauge can serve as a satisfactory soling coat under 2 in gauge metal 
coat over earth sub-grade. It is also not available m the area in which 
the works have been done The question of discarding or adopting such 
soling coat therefore never arose. 

In the semi-grout or wet specifications, Appendix B, it is laici 
down that after spiaying first coat, spi ending bajri and rolling it in, little 
watei be added and consolidation be completed Addition of water is 
to be when the binder has penetrated to the maximum extent. As regards 
the advisability of adding water, I quote here the comments of Mr Harris; — 

“Use of water for spray penetration consolidation has been very 
much criticised. But I am convinced from my observations and 
results obtained that the use of watci is not injurious and the 
results obtained are verj' much better whei e water is used ’* 

Some miles have been done without adding water and some with the 
addition of water The specification with watei is found to better, hence 
the mcntion'of this general practice on page 167. 

The built-up-spray-grout specification was oiiginally given 
extensive trials ill the years 1934-35 and the semi-giout specification was 
also adopted extensively on Jhang-Lyallpur Road m 1937-38 The same 
quantity' of binder and giit was used in two as well as in three operations 
The tliree coat w ork gave much better suifacc than the two coat work 
with piactically no extra cost The three coat work builds up the surface 
much better than tlic two coat and consequcntlv the question of trying one 
coat work did not arise. In the three coat woik the spray operations 
make the suifacc a pre-mix carpet If only one operation is done, all 
the binder will lemain in the metal and if the traffic is not hcav>’, it will 
have no chance to work up. 

I thank all the Members who have made comments on the Paper and 
will be ver)’ glad to supply any fuither information that is leqmrcd by 
any Member in connection with the specifications 
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PROPOSALS FOR AN ATiL-INDTA SURVEY OF BULLOCK CARTS 
BY MEANS OF RANDOM SAMPLING. 

BY 

J. Vesugar, B. So , A. M. I C. E., I. S. E. 

Consviting Engineer io the Governmenl of India, Eoad’i. 

1. Every ton of pi odiicc moved la India, whatever its ultimate 
destination or method of transport, must ti avel hy fart for the first stage 
of its journey The bullock onit has conlmncd unchanged for five 
thousand years and theie is little icason to suppose tliat it will be supplant- 
ed in oui time by any othci method as a pninarv means of transport. 
So long as the road ti'nsport requircmenK were such that they could bo 
met by this type of conveyance, it was a eompniatively easy matter to 
maintain roads in suitable mannei . 

2. The bullock cait, howevci, specially the iron tyred variety, is 
a seiious destroj'er of the road. Ordinal y water bound macadam w’hioh 
formerly w'orc into tolerably smooth ruts iindei slow Liaffic, breaks up 
rapidly iiuder the eoinbiucd grinding action of the hlow' iron tyro and the 
suction and scattering of the fines, caused by the f.ist lubbci tyipil wheel. 
Modern tar oi asphalt painted .surlaees seeiii to lie able to wntlihtand the 
iron tyred wheel even lesvS, the water xiroof. skin being quickly broken by 
the high Gonccntiation ol load 

3. Road Engineers have boon much distuilicd by the dcstiuotive 
tendency of the nariow' iron tyre and there have been frequent discussions 
in various engineering societies m India on this suliject Whilst no 
engineer denies the destiuctive action of the non tyred bulloclc cart, 
opinion IS divided as to the extent to w'hicli this is a problem and even 
more divided as to tlie means iieeossary for its solution. There are all 
shades of ojnnion from the hei 010 lemedy of placing all of India’s seven 
million carts on pneumatic tyres, at a cost oi something like a 100 ciorcs, 
or the even more heroic suggestion of converting India’s 70,000 miles of 
metalled road to concrete at a cost of 150 croics, to tho other c.xtrome 
which maintains that there is no bullock cart prolileni. 

4. Whilst the special tj’pe of cart which takes 35 and sometimes 
as much as 60 maiinds way give spectacular jiroof of the damage done 
and tho figure for the load coneentratioa per square inch may be startling, 
casual obsorvation in all parls of tho country gives the impression that 
the general capacity of a cart averages less than 15 maunds. Similarly, 
in many parts, one may go miles and meet, hundreds of carts W'ithout 
seeing a steel tyre. It is aiguable that a steel tyicd cart carrying only 
10-15 maunds, cannot cause veiy much damage, even if the tyro is narrow' 
to begin with and gets loiinded w'ith use, but tho wooden tyred cart can 
hardly l>e accused of being a serious load destroyer. 

6. The only typo of road that will stand up to the licavil}' 
loaded steel tyre is concioto, tho really sensible wheel for any road 
transport puipose is the pneumatic tyred one. Wbat should be one’s 
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objective then, the concrete road or tlie pneumatic tyre ? Would the 
answer %‘ary for different areas ^ It would depend upon the numbers of 
heavy carts, the work they are engaged on, and tlie milage of road they 
use. 


6. Though the total number of bullock carts m each province, 
perhaps in each di‘>trict. ii Imoun, little information about the'^e is 
available: for example, the tj pe of carts, the loads they carry, the number 
of days worked or the milages travelled. Existing information such as 
fisurco of population, number and size of villages, area of agricultural land, 
agricultural produce, land revenue and its incidence, road milages, uhen 
examined agamat the “cart population” of each province, show some 
interesting regularities and some curious anomalies, 

7, Such satistical information as has been published nr is readily 
available, has been collected in the annexed table. It is interesting to 
observe from this table the intcr-i elation between the size of villages, 
density of population, dciisilj* of cultivation, and to compare these with 
the cart papulation of the province Other figures bearing on the problem 
have been collected in the same table In oidcr to judge their inter- 
relation and to compare the provinces, averages have been deduced from 
the information collected. 

t 

8 One may expect that the number of carts would depend upon the 
agricultural produce and the population in an area, and this assumption 
IS largely home out in actual practice. This is noticed if the p^ovlnce^ 
are placed m the order of the iiiimber of earls pci thousand tons of pro- 
duce, or per thou^-and of population, or per square mile of agricultural 
area 


Carts per 
1000 persons. 


1. 

CP. 

b9 3 

2 

Bombay 

38 7 

3. 

Bihar 

37 6 

4 

Madras 

25.1 

5 

Sind 

22 5 

6. 

Orissa 

20.4 

7. 

U.P. 

20 0 

8 

Punjab 

11 6 

9. 

Bengal 

11 1 

10 

Assam 

7.1 

11. 

N.W.F P. 

1.8 


Carts per 1000 
tons produce. 


1. 

CP 

296 

2. 

Bombay 

183 

3. 

Madras 

137 

4 

Ori'-sa 

120 

5. 

Sind 

95 

G 

Bihar 

94 

7. 

UP 

82 

8. 

Bengal 

72 

9. 

Punjab 

63 

10. 

As'sam 

35 

11. 

N.W.F.P. 

8 


Carts per 
square mile 


1. 

C.P. 

22 3 

2 

Madras 

19 2 

3 

U.P. 

18 0 

4. 

Bengal 

17 6 

5. 

Orissa 

14 2 

G. 

Bihar 

14.1 

7. 

Bombay 

114 

8 

Sind 

G.3 

9. 

Punjab 

60 

10. 

Aesnm 

58 

11. 

N.W.F P. 

13 


9. It w'lll be seen that C P is consistently first, whilst the Punjab, 
Assam and N W.P.P. remain 8lh or 9th, 10th and 11th resjicctivcly in each 
ease This is peculiar u hen it is remembered that the Punjab is considered 
a rich province, whilst C P. is consideted poor Though botli have about 
the same agricultural area, tlic Punjab producc.s more than double the 
0 P. ^ Leaving aside Assam and N W.F P. which have very special geo- 
physical characteristics, the range between the remaining 9 provinces is 
enormous, the highest figure being as much as six tunes the lowest The 
abnormally low cart population in N.W.P.P. and Assam and to a certain 
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extent, Sind, can be explained b 5 ' the nature of the terrain which either 
due to mountainous, desert, or dense jungle conditions, militates against 
agricultural exploitation of the land. 

10. One would expect some uniformity about the number of carts 
per 1000 tons of produce but hero the variation is greatest, 
C.P. being .37 times as much as NW.F.P. ond 6 times as much as the 
Punjab. The latter is surprising since these provinces produce nearly 
twice as much per square mile (line 47) as C.P. It cannot bo 
explained by the supposition that one province produces more in the way 
of money crops than the other, because the opposite holds true between the 
Punjab and C.P. and there is conflicting relation between the production 
of money crops and the incidence of carts amongst the other population. 

11. The difference can, therefore, only be explained by assuming that 
in certain regions carts carry more and/or work for greater number of days 
in the year than in others. Such an inference seems to be supported by 
the great variation in the number of bullocks per cart (line 71). For 
instance, in the Punjab which produces a study draught animal, there 
is a population of about 12 animals per cart, whilst in C.P. where animals 
are small the figure is 3^, a proportion whioh may at first sight appear 
to bo contradictory. Comparisons of figures for other provinces, specially 
U.P., Bihar, Bengal and Madras show that there are too many variables 
to permit of general conclusions. It is revealing that the only average 
which shows a remarkable uniformity amongst all the Provinces is the 
figure of average production per head (line 49). The agricultural 
production for the whole of India, food grains plus money crops, amounts 
to the low figure of maunds yearly, barely half a seer of food grams 
a day per head. 

12. Engineers need no warning about the care with^ which averages 
are to be used for coming to anj'^ conclusion. Thus whilst the average 
village population, (line 30) should be regarded with caution, the averages 
in lines 3, 6, 9, 12, 15 and 18 are accurate and interesting and those in lines 
24 and 27, practically meaningless. Similarly, tlie figure of average 
expenditure on roads, which is the average expenditure per mile for all 
roads, both metalled and unmetallcd (line 59), should bo taken 
as no more than indicating whether a province is hot or cold on its roads, 
and oven then it gives no indication of extent or adequacy of the road 
system. 

13. The moving of agricultural produce is after all the main reason 
for the existence of the cart and this produce may properly bo taken as a 
fair index of its work. Averaging this produce, especially between high 
and loAV value crops, saj’ from bajra to tea, must therefore bo accepted 
with this fact in mind. AVitli this reservation, one would not go far wrong 
in taking this average as a fair comparative measure of the work that the 
bullock cart is called upon to perform. It is true, it is not always carry- 
ing the final product of farming and is working on numerous other errands 
in the course of its existence ; on the other hand, not all the agricultural 
produce of the country finds its way to the market or the railway. 
Indeed, it would appear from the average production of half-a-seer per 
head, per day, that the major portion of the grain produced must bo a 
subsistence erop. 
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14. One IS nol. fur wion" in assuming ns n roiigli gcncrnliqation, 
lh.it the totnl o.xli'iit of mini eait tiansjjoit jq (.cinnl to Iho total ngnoultural 
piofiiictioii Tins iq eorrohojnfctl liy the figure lor totnl goods trnnspoitcd 
by the Indian inilwnya which averaged 105 million tons annually for 
the 10 ycnis pieccding tlio w.ii. 01 this, about 2.> million tons was 
coni nlono Tlie railw.i.Y figures nre Ini lialTiu in both diicctions, that, is 
to and from the ports, and amount to appioxmmtdy double tho ngncul- 
tiirnl production ol Uriti^h India. A v.iliiablc cheek on the extent of 
tiafiic bj' cart would be pi ovidcd if figmes weie av.idniilc of the total 
railway tiaflie oiigniiitiiig and H'liviiig III a distriet To asi.citnin this 
foi c.-ich distiicl would perli.ips entail too iinieh lahoiii, thoiigli it is eon- 
eeivnhle that tins niaj lie iiorlli while, foi nistniiec, foi a piopei appceia- 
lioii of toad eompctiiion Ol of deficiency m mrnl eommnincnlions and 
siimlai investigation It would serve <«ur j)m[)Osc however if this infor- 
mation was available loi distnet-. m which it is proiio-.ed to carry out the 
enrtsuivev. Unroitunatcly iiifoimatioii eoiinccted with ladways is 
usually collected and puhbshed by syMenis or units of railwny.s and it is 
dilfieull to got figures by .iie.is. TralBc figmes even for « hole Province 
aio not I c.idil^ obtainable and It has nut been posBihlc, tliercfoic, to give 
in the anneved table nns thing lint the totnl lailivny milage liy Provinces; 
it has not been po-Eitblc <i\ on to indicate sopurateh* Class 1 and Class II 
milw’nys. 

15. In coiincctiun with the inilwii}* milage in eaeli Province, it is 
inteicsting to note that the lieuicb of avciagc niea of ngiieullurnl land 
^CI \'od pel mile ol mil way show an iinexpeetod degicc of unifounity. 
This is mtpiismg in the face ol tho largo vanntions hettteon Piovince.sin 
tho density of popiilalion, in pioductiou ]K<t squatc mile, and especially 
the gicat variation m road milage pei unit of popul.-itioii or of nica With 
the exception of Sind, a eon.Mder«ible portion of the lailway milage of 
which IS a coiador to the Noilh, theic is also a fait iimroimity in the 
figure of piocluco loi ouch Pronneo per mile ol lailwny. 

IG The inilway system ol India would .seem to ho lictter planned 
than the road systeni which shows gieat miiatiori between tho Provinces, 
in the load available foi the Mine amuimt of piodueo oi the .same numbers 
ol iieoiilo. It is poihiips m this pniticulai aspect that the w'aining 
against averages utteicd 111 p.irii 12 is most apt The avcingo of ii railo 
of metalled road pel G 2 square miles of agiieiillurnl land would not bo 
considcicd bad by tho siandauls ol other ngiicnltuial countries, only 
it lmI^t he lemeinbeicd that the inet.illcd inilago docs not i-civc agriciil- 
tuittl nica alone nnd that tho quality of metalled road m one region may 
lie very dilTcient fioiii that iii anoihei A eiiiioiis comoidcnco is that the 
■iveingc foi the Piinjiili, the Piovimc with some of tho best roads in India, 
should be tho same as that lot Bengal, lopiited to be one of the Provinces 
most lacking in roads. 

17. Thcll^ela£:o amount of produce, and hence transport, fora 
bullock cart, is shown to be 250 mniinds (line 50) , nt the highest {omitting 
N.W.F.P., and Assam), it is 500 maundb nnd tho low-est, 100 maunds At 
the most this would mean an average of ten to twenty tup- for a cart in n 
yeni. Tins makes one doubt if there is a bullock cait pioblcm. Of comae, 
the problem exists bccanso wo have all been eonceined, at one time or 
another, at the havoc caused on roads within our charge by tho bullook 
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cart. But what length of the 70,000 metalled miles of India ih subject to 
this grinding and how many of India's seven million carts are the 
olTcndeis ? 

18. There is no data on which a conclusion can be arrived at or 
consideration based and all the nocessai^' inrornuition has to be collected. 
Hence the necessity of a bullock cart survoy (not census) for India. It is 
required to know, what types of caits there are, what they carry, how 
many days they Avork, how many days they use the roads, how many aie 
the property of professional cartmen, what are the matciials and dimen- 
sions of their tyics, etc., bcfoic a considered opinion can be formed on the 
extent of the bullock cart problem and the measures to meet it. The 
Indian Ronds Congress has attempted to collect through members of the 
Council, sketches or diagrams of the types ol caits in common use 
Aiithin the sphere of their activities. Sketches for about GO types of 
wheels and carts have been leccived from all Provinces e.xcept Madias 
and fiom some States and aie filed in the oilice oi the Indian Roads 
Congress. This information is bj' no means e.xhaustivc, the chief lack 
being particulais of taie weight and carrying capacitj', and it onl}' serves 
to shoAV the very great diversity of types that may be expected. 

19. A census of the .six million odd carts in Biitish India to obtain 
these particulars w ould mean enormous labour, expense, and a lot oi 
time ; results, however, to prncticnllv the same degree of accuracy can be 
obtained by a properly conducted random saiujilc survey Mr. Yeatts, Com- 
missioner for the 1941 Census, informs tlu* .luthor that random .sampling 
of 1 m 50 ficquently gave results within one-half per cent of the 
full count. For the purposes of a correct a])])reciation ol the bullock cart 
problem, no such high degree of aocuiacy is required. 

20. No .survey of Imllock carts and their ivorking can bo comjilete 
AVithout particulais ol the bullocks also Regarding their draught capa- 
city, tlie author is informed by the Animal Husbandry Commissioner that 
the height of the animal iichiiid the hump is a simple and reliable working 
index of the animal’s imlling power. This height is measured in inches . 
During the course of survey, it ivoiild be a .simple matter to enumeiate 
the number of ivorking bulls and their height. 

21. If 1 in every 200 of the 6 j million bullock carts in British India 
is to be counted, over 30,000 carts ivould have to be .surveyed. Assuming 
that an enumerator can surveys four carts in an hour, he ivoiild be able to 
deal with 20 carts in a day, alloiving for time to get from village to vill- 
age. 1’his means about IGOO man-day^s for the work. If 20 enumerators 
were emiiloyed the count ivould be made in 80 days, say four months 
allowing for transfer from area to area, rest days etc. The problem is 
tlierefore one of quite manageable proiiortions. 

22. It Avould bo oliA'^iously impracticable to so average a census 
throughout the length and breadth of India that eveiy' 200th cart 
throughout its six million was picked up by the enumerator. Some sort of 
selection sampling is obviously called for. The problem is Iioav to make 
such a selection fully^ ropre.scntative and at the same time jiraticable. 
The object of this paper is to obtain a discussion on the possible moans 
of assuring this. 
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23 Ono ay would he to pick eveiy 200th village and make a full 
enumeration of the cart'* in the selected villages The numher of villages 
to be surveyed in each of the province, on tins basis, with the aiiproxi* 
mate number of carts, and the time in man-daj's, would ho : 


N.W.F.P. 

Villages 

IGO 

Carts 

300 

Days 

15 

Bilmr 

Villages 

350 

Carts 

2500 

Days 

125 

Punjab 

ISO 

1700 

85 

Bengal 

420 

4300 

215 

U.P. 

500 

5100 

270 

Bombay 

110 

34)10 

170 

Sind 

30 

450 

22 

Madras 

180 

5300 

31.' 

Assam. 

170 

350 

17 

C.P 

200 

5500 

280 

Orissa 

140 

000 

45 

Total 

20430 

31200 

1500 


Piom the above list, it appeals that whilst to some provinces like 
the Punjab and U.P , too little time is given, too miieli is given to others, 
Siiy C P. The following ‘weighted’ figuics may therefore he accepted for 
the numher of daj’s lequired, including wasted days in each piovince. 


N.W.F P 

20 

Sind 40 

Bihar 200 

Madras 

420 

Punjab 

200 

Bombay 250 

Bengal 300 

Orissa 

100 

U.P. 

320 

CP. ■ 200 

Assam 40 



Total 

540 

490 

540 


520 

The 

grouping 

also show.s a convenient way of dividing up the whole 


continent into font territories, roughly North, West., East, and South. 

24 Nearly 2500 villages picked at random throughout India ought 
to give a very representative sample It is possible, lion cvei , in such an 
arrangement, an unduly large amount of time is spent in travelling to the 
selected villages distributed over a whole province Another method 
would therefore he to select the villages wit h some idea of geographic 
convemeneo. Though not ns stnetly accurate as the hrst method, there 
should bo no material diffcrcnco in the icsiilt if care is cxcieised to select 
samples fiom ropic&entativc areas. 

26. An advantage of either of the above methods would be that a 
complete count of the bullock caits in a village would ho taken and the 
results compared against the AlUIndta Live-stock Census The icgulnrity 
in the totals for sevcial years as well ns unifoiinity and mtcr-dcpendcnco 
111 the figures in this Census may he conbidercd as internal evidence of 
accuracy All the same it is advisable to reserve opinion upon this 
internal evidence until the method of eniiincrntion has been vciificd. For 
instance, uniformity might result from cxtensivo copying of the previous 
record for the purposes of ficsh oiiiiinciation. 

26. A thiid way of taking the count would he to move quickly 
fiom village to village going t.brougIi more villages, hut to take the 
particulars ol a few ciii ts only. In one way it may take moic time, as 
more villages ivould have to he ‘educated’ diiiing the process of extracting 
infoiiuation, but it may be quicker in another way, in that no time need 
be taken up on obtaining a thoioiigh count and extracting information. 

27 No statistician will accept a samplo as representing the w liolo, 
unless the results aio substantiated by a full count for part of the 
investigation. Though a high degree of acouiaey is not necessary for our 
purjioses, 1 . 0 . to ascei tain the use and abuse of the road and the remedial 
measures required, a full count would be useful in establishing accuracy 
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and to ascertain tlie I'eliability of the Live-stock Census. If this is 
considered desirable, the sampling should be by area or unit, but within 
such area or unit tho count must be complete. There must also bo a full 
count in a larger aiea or unit ■which would include a fair number of 
smaller ones. 

28. The choice of method will also be influenced by the amount 
of information it is desired to collect in addition to tho baic physical 
particulars of the carts, such as details of ownership, extent of pi ofcssional 
carting in a village, number of days worlced, extent of milage on pucca 
roads, katclia roads and in farm work etc. Such inforniation can be 
of the utmost value and the opportunity for obtaining it should not be 
missed, if a cart survey is undertaken. But zeal should bo tempered ivith 
discretion, otherwise there is the danger of defeating the object of the 
census by trying to cram too much into the inquiry. 

29. No scheme of statistical survey ought to be launched without 
first putting through, what might be teimcd a ‘pilot* scheme. Thi.s 
scheme ivould be a replica on a small scale of the main scheme, or it may 
be a small portion of the actual scheme. Tho object is to discover in 
time, how' the scheme will proceed, how laboui may be saved at some 
stage or another, what snags one is likely to be run into and to get an 
advance picture of tho final icsult so as to plan ahead its analysis and any 
modification in quc.stionnaire demanded by such analysis. 

30. In draiving up a questionnaire it is necessary to bear in mind 
that whilst tho oxiportunity of making tho inquiiy as comprehensive as 
possible should not be lost, this object will not be served by making the 
questionnaire too lengthy and detailed. It is theicforc necessary to 
decide beforehand what aspects of the inquiry aic most essential and then 
judge ivhat further information can be elicited concurrently without 
clouding tho main objective. The method of asking the question is also 
almost as important as tho question itself The man to he interrogated 
will be the village peasant and not only must his mental limitation.s 
bo kept in mind, but also the villagoi’s natural suspicion of any 
interrogation. The capacity and psycbolog}’^ of the enumerator or 
interrogator also lequires equal stud}^ because on him depends the 
translation of replies into a factual record. Tho questionnaire should 
therefore be as simple as possible, every question should be carefullj' 
considered so as to be without any ambiguity. A question sliould be 
incapable of more than one construction being placed on its meaning, and 
must be capable of being answered simply and directly. Questions should 
be so worded as to invite ans-weis that can be recorded as a figure or a 
yes or no or as a statement limited to four or five words 

31. In oi'der to judge the alnisc, it is necessary to know the use 
made of tho road bj' tlie bullock cart, and tho iirimaiy object of tho 
inquiry would he to determine the use and abuse of the road. It would 
therefore he necessary to enumerate the following particulars for this 
purpose. 

Tyre material and -width, 

Weight unloaded, and carrying capacity; possibty, size. 

Extent and number of journeys, (on metalled and unmetalled road 
Boiiarately). 
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To get pioper infoimntion shout tyro conditions, it would 
be noces<,ni3* to obtain wlieel dmmctcr and method of spoking. Hub and 
axle dimensions would also bo relevant A moote point is wlicthor the 
method of supporting the axle should lie cnuinciatcd oi not. With the 
type and cariymg caiiacity, it would be necessary to asecrtain tlio number 
of animals employed for dinft and the number of wheels. 

32. A secondary, but quite iinpoitant aspect of the uso of the load 
IS the puiposc foi which tlie load is used and tlio type of user Foi this, 
it would bo useful to know the iiroportion of piofcssional cartmen, the 
piopoition who eng.age in cai ting in the slack season, and the proportion 
of owiieis with more than one part, also to what extent caits aie owned 
bylaige land ownci and if these are leased to then tenants Care is 
speciallv due undei this head, not to make the inqiiiiy too claboiato. 

33 A valuable bj’-prodiict of a bullock cait survey would he a 
pictiiie of the extent oi otherwise to which villages aie seivcd liy loads. 
This could be obtained by lecoi ding the distance of eaeh village visited 
fiom the ncaicsl public road .and the length of metalled and iinmctalled 
load trnveiscd before leaelimg n market town or inilw.iy station. Wlint 
pnitionofhis pioduee is letamcd in the village and what portion carted 
to the market ^ Qiicstiuiis will have to be eaiefnlly worded so ns not to 
confuse the emmioiator and so that “wild guesses” b)’ vilhigeis are not 
recoided as f.icts. 

34. The second most impoitant objective of the survey would be to 
obtain information onuliicb decision could be aiincd .it about con- 
version to pneumatic tyics Though it may bo inopportune to talk .ibout 
riibbci tyics.ittlio picsent time, dcxclopmciit in tins diicctinn is bound 
to come .iftoi the w ar TImt it should bo encouraged no one will doubt, 
but to what extent, .ind whether it should he forced, subsidised oi 
otbciwise artificially fosteied, can only be decided fiom such an inquiry 
Tlie pneumatic tyro senics m evciy way, except undoi w’ct and muddy 
conditions It dcrie.iscs the diaugbt loqiiircd aiirl mcrenses cnrrjung 
capacitv, (a) bemuse of the smaller road lesistcncc .ind (b) becaiiso of the 
mniG cifioicnt .ixlc bearings Against this aic its initial liighci cost, 
neiC'Sity foi mamlenance, and dctcrioi.ition when standing idle, especially 
m a deflated state When ngiieiillmal piodiicc averages only 64 inaiinds 
per liead and about 270 maunds per cart, what will the peasant do with 
the mcieased e.ipncity ^ Knowledge on the following points would be ft 
f.ictor m III living nt conclusions 

How much use m wet and muddy conditions ? 

Whftt tire the idle periods and oi whnt length * 

Can inci eased cariymg cnpacilV bo utilised 1 
Paiticiilnis of existing axles, hubs, the weai on these, tlioir 
eflSciency, Iiibiicating ote. 

3.7. On the otlioi band, supposing it woic possible to paitially 
rationalize the woik of the cnit so as to bring tlio load facLoi to say fiO tons 
a year, not an unicasonablc figuio, two million would miIHcc for nil the 
cart tianspoit.ation m India moving on public loads. If the whole of this 
number were to he put on pneumatic tyres, it .should be possible to 
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Characteristics Well graded inatenal with excellent binder: 
Highly stable under wheel loads, irrespective of moisture conditions: 
Functions satisfactorily when surface treated or used as n base for 
relatively thin wearing courses: High internal friction and cohesion ; no 
shrinkage, capillarity or elasticity. 

Group A 2. — Grading : Not less than about 55 per cent of sand in the 
soil mortar. 

Constants : Liquid lAmif generally not less than 14 or greater than 
35 ; a plasticity index of zero with a significant shrinkage limit or a 
plasticity index greater than zxmo and less than 16 with or without a 
significant shrinkage limit, centrifuge moisture equivalent not greater 
than 25. 

Characteristics :— Coarse and fine materials witli an inferior binder: 
Highly stable when fairly dry : Likely to soften at high water 
content caused either by rains or by capillary rise from saturated lower 
strata when an impervious cover prevents evaporation from the top layer 
or to become loose and dusty in dry weather . High internal friction ; 
May have detiimental shrinkage, capillarity or elasticity. 

Oioup A— 3 Grading: Effective size not likely to be less than 

0.01 m.m. 

Constants Liquid limit not appreciably greater than 35 ; no plasticity 
vndex , no significant shrinkage limit; centrifuge moisture equivalent less 
than 12. 

_ Ability of sands to lesist sliding -tthen wot, indicated as follows; 
Liquid limit of 10-14 signify beach and other rounded sands which slide 
easily; liquid limit of 30 to 35 indicate rough angular particles which do 
not slide easily. In addition, liquid limit when lowei than field moisture 
equivalents indicate materials which flow under partial saturation; when 
equal to the field moisture equivalents, the liquid limit indicate average 
sands which flow under full hydrostatic uplift. Liquid liniits greater 
than field moisfuie equivalents indicate rougli giained sands which flow 
only when m a state less Goii.solidatod than that represented by the field 
moisture equivedent. 

Characteristics : — Coarse material only, no binder : Lacks stability 
under wheel loads but unaffected by moisture conditions : Not likely 
to heave or shrink appreciably : Furnishes excellent supjiort for flexible 
pavements of moderate thickness and for relatively thin rigid pavements : 
High internal friction, no cohesion : No detrimental cupillarity or 
elasticity. 

Group A-4. Grading : Less than 65 per cent sand. 

Constants : Liquid Limit seldom less than 20 or greater than 40; 
plasticity ind&c not greater than those indicated by Curve 3 ofFig.2; 
shrinkage limit not likely to be greater than 26; centrijugs moislure 
equivalent approaching those indicated by Curve 10 of Fig. 4 between 12 
and 60; when greater than liquid limit, indicates, varieties of soils inclined 
to be especially unstable in the presence of water; Jidd moisture 
equivalent equal to or somewhat greater than those indicated by curve 
11 of Fig. 6, with a maximum of about 30, 
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InoredbC m oxpiin‘<ive pi opei ties generally indicated when shinkage 
ItinitJi exceed 20 and approach those represented hy Cuive 0 of Fig. 3, 
especially likely ^^hen field moisture equivalent exceeds centrifuge moialure 
equivalent 

Chaiacteristics — Silt soils without uoaise material, and with no 
appreciable amount of clay Tendency to absorb water readily in 
quantities sufficient to cause rapid loss of stability even when not 
manipulated When dry or damp, presents a fii in riding suiface, uliich 
rebounds but very little upon the removal of load Apt to cause cracking 
in rigid pavements due to frost heaving, and failure in flexible pavements 
duo to low support Internal friction variable; no appreciable cohesion 
or elasticity Capillaiity important 

Gioup AS. Grading than 55 per cent sand. (Exceptions 

ocoui). 

Constants . Liquid Limit usually greater than 36, plaMiaty index 
seldom grcatei than those indicated bv Curve 3 of Fig 2, centrifuge 
moisture equivalent grcatei than 12, often lying betuecn Cun’es 9 and 10 
of Fig 4, not likely to water-log. (Exceptions occur). Shrinkage 
limit generally grcatei than 30 and grcatei than 60 for verj’ 
undesirable members of this group * May approach values indicated bj' 
Curve 0 of Fig 3 foi silts containing peat and approach those indicated by 
Curve 7 of Fig 3 foi soils containing either diatoms or mica in appreciable 
amount * Field moistuie equivalent approaching those indicated by 
Curve 12 of Fig. 5 foi silts containing peat in appreciable amount and 
those indicated by Cuive 13 of Fig 5 for highly elastic soils containing 
mica or diatoms in appieciable amount The kaolins, representing good 
bmders, are members of group possessing lelatively high plasticity indices 
and lovrfidd monture equivalents 

Characteristics •—■Similar to Qioup 4, but gives highlj’’ clastic 
supportmg surfaces with appreciable rebound upon removal of load when 
dry. Elastic properties inteiferc with piopci compaction of macadams 
during construction and with retention of good bond afterwards. 
Appreciable elasticity. 

Gioup A-G. — Grading * Seldom contains less than 30 per cent clay. 

Constants : — Liquid limit usually greater than 35 , plasticity index 
approximately represented by Curve 4 of Fig. 2 , shrinkage limit not 
likely to bo apppreoiably greater than that indicated by Curve 5 of 
Fig 3, cenliifuge moisture equivalent test genei ally productive of water- 
logging , likely to lie between Curves 9 and 10 of Fig. 4 , field moisture 
equivcdent seldom exceeding those indicated by Curve 11 of Fig. 5 ; but 
may be appreciably less for certain colloidal soils * Volumetric change 
generally greater than 17 

Characteiistics. — Claj*^ soils without coarse material In stiff or 
soft plastic stale absorb additional water only if manipulated • May then 
change to liquid state and work up into the interstices of macadam or 
cause failure by sliding m high fills . Furnish firm support es.sent?al in 
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properly compacting macadams, only at stiff consistency : Deformations 
occur slowly and removal of load causes very little rebound . Shiinkagc 
properties combined with alteinatc wotting and drying under field con- 
ditions are apt to cause cracking in rigid pavements ; Low internal fric- 
tion ; cohesion higli at low moisture content , no elasticity ; jiossible 
detrimental shrinkage. 

Group .^-7'.— Grading : Seldom contains loss than 30% clay. 

Constants: Liquid limit usually greater than 'AH •, plasiiciiii index 
varies between those indic<itcd by Ciuves 3 and 4 of Pig. 2 ; slirinhaqe 
limit generally varies between those indicated liy Curves and 6 of 
Pig. 3 ; centrifuge inoislutc equivnlenl varies betw’oen tho.se indicated by 
Curves 9 and 10 of Pig. 4 ; \vator-logging in centrifuge test may not occur 
even at very high moisture equivalents. Field moisture equivalent greater 
than those indicated by Curve 11 of Pig. 6‘ Relatively low shrinkage 
limit with high fidd moisture equivalents indicating presence of colloidal 
organic matter : Relatively high shrinkage limit indicate the possibility 
of frost heave. 

Characteristics : — Similar to Grouji A-6, but when moiht, deforms 
quickly under load and lebounds appreciably upon i cm oval of load : 
Thus, lacks firmness in suppoit, similar to subgradcs of Group A-5. Alter- 
nate wetting and drying under field conditions leads to even more 
detrimental volume changes than in Group A-6 subgrades : May cause 
concrete pavements to crack before setting and fault afterwards . May 
contain lime etc. productive of flocculation. Possesses elasticity. 

Group A~8 . — Grading : not significant. 

Constants : Liquid liiiul greater than 45 , plasticity index generally 
less than those indicated by Curve 3 of Pig. 2 ; shiinkagc limit indicated 
approximately by Curve 6 of Pig 3 , cenhifuge moisture equivalent 
between Curves 9 and 10 of Pig. 4; field moisture equivalent likely 
to bp gieatcr than those indicated by Curve 12. 

j 

Water-logging in the cent) if uge test is characteristic of the mucks 
containing clay and colloids, whereas very high equivalent*^ without water- 
logging are characteristic of jicat not more than slightly decompo.sod 

Characteristics : — ^^'ery soft peat and muck incapable of suiipori-ing 
a road surface without being previously compacted or displaced by a fill. 
Low internal friction and low cohesion. Apt to possess capillarity and 
elasticity in detrimental amount. 




S30 


tAPER t>-1943 


PART n 

SOIL CHEMISTRY AND PHYSICS 

Chapter 2. 

CHEMIOALLy ACTIVE SOIL CONSTITDEN'J’S AND 
THEIR IMPORTANCE TO THE SOIL 
ENGINEER. 

Fiactioiis largei than arc ehemically inactive. Silt may be .slight- 
Iv active e.speciallv if free salts of the alkali or alkaline earth bases arc 
pics'-nt By far the gieatcat activity ih to be found in the clay fraction 
especially that poition below 0. 001 m ni known as colloidal clay, i.e , clay 
which has certain marked colloidal piopeitics Actually these properties 
are not always, if ever, complete, so that it is not strictly correct to rcfci 
to this fraction as soil colloids. 

Most of the deleterious cliainctoristics of a soil, which involve diicct- 
Iv or indirectly moisture relationships, depend upon the amount and the 
nature of the clay fi action and hence on any changes in the nature of the 
clay complex which may occur. In nature, chomical actions, both oidinary 
and by base-exchange, may occur in many soils under normal conditions, 
duiing the year c 3 ’ole. Such actions maj lead to a cj'clical or permanent 
change in the soil’s properties Undci artificial conditions, such as when 
the soil 18 coveied by some form of foundation slab the change m proper- 
ties may be abrupt and will almost ceilainly be of a permanent nature. 

It l^ theieforc essential that certain chemical and physico-chemical 
properties of the soil should be clearly iiiidcrslood. This involvc.s some 
fundamental conceptions of soil chemislrv and physicf. which aro now 
presented. 

Chapter 3. 

THE SILICA-SF.SQU10XIDE RATIO 

The sihea sesquioxidc ratio oi ratio of tho silica content to the feme 
oxide plus aluminium oxide, usually’ cxpieoscd ns S/R, is of considerable 
value in soil studies. At one time it was thought that this latio could be 
made tho basis for a strict classific.*ition of soils but unfortunatclj' under 
the picscnt definitions and test procedures, this has not yet been found 
whollj’ practicable Examples lia\c been met in which iw'o clays of diflcr- 
mg constitution gave tho same SJB ratio 3, However, as rcgaids the main 
soil groups, Rcifenberg was able to find, from a study of published data, 
that each of these mam giouiis was represented by a fairlj’ distinctive SJB 
ratio" His average figures wcio ; — 


Grey Dcscil Soils . . . . 3.G2 

Fraiiic Soils and Tsclicrnozcms . . 3.17 

Alkali Soils . . . . 3.01 

Fodsols .. .. 2.84 

Teirn Rosa . . . . 2.43 

Red Desert Soils . . . . 2.08 

Brown Earths .. .. 1.08 

Tropical Red Earths .. .. 1.73 

Latciitic Soils . . , . 1,28 
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The figures given by Byers'" arc voiy similar to these. 

Since the -weathering process is only truly reflected in the secondary 
elay mineral matter, it is usual, in modern analyses, to determine this I'ntio 
foi the colloidal clay fractions although formerly it was determined for such 
fractions as those passing the 2 ni. m. sieve. 

Unfortunately the SJR ratio cannot, apparently, be used for the 
determination of the predominant clay type with any degree of certainty. 

Clarke, Eieken and Reynolds"' discussing the “Importance of tlie 
2-Micion Fraction" f»ay : — “The number of constituenis “ — [quartz, calcitc, 
kaolinitc, beiddhte, muscovite and poEsibl3' monlwo) illonitc etc .)" — picscnt 
m the 2-micron fraction will necessanly invalidate its use in inanj’ 

respects TJic mineral complexity of the fine fraction of tlie soil 

prebcnts a pi oblcm of great magnitude and it is cei tain that no fraction 
of the soil, no matter what the paiticle size limits are, will be entirety 
free of coiihideralile lioterogcneity of constituent composition. Maishalls 
has adequately discussed the nature of the complexity of the lino fraction 
of the soil and slates that ‘the ratio of the silica to scsquioxidcs does not 
iiecessarilj' indicate oven loughty the predominant rlaj' type' ”, 


ClIArTEB 4. 

SOIL ACIDITY 

The acidity or alkalinity of an aqueous soil solution miijr bo repre- 
sented bj' its pff laluc, that is, by the negative logarithm of its 
h\'drogen-ion concentration. 

Electrolytic Bolutiont, including luire distilled watei, dissociate, to a 
greater or lesser extent, into their cnUoyis and anionn and thus exhibit 
electrical conductivity. Thu.s, for pure uater, : — 

HP = 27+ -f [OH)- 

The concentration of ions in a litre of pure distilled -water has 
been found to be approximately 

=- 10“^ gramions per litre, for which the 
negative logarithm, or pif, equals 7. 

Further, since pure distilled water is neither acid nor alkaline, the 
hydroxyl ion dissociation must equal the hydrogen ion concentration. 
This follows since, by definition, an acid solution must have an o.xccss 
of H— ions over (OH) — ions and an alkaline solution must have an excess 
of (OH) - ions over H — ions, 

or, OOH = Ch = pH « 7. ’ 

The value of pH — 7 is therefore an expression of neutrality. 

(G) Murehall, C. E "Tho Imporlanco of the Latlico Slruoturo of the Clays for tho 
Study of BoiIb", Boc. Choni. Ind. Cl (1835). 
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For any aqueous solution tho product — 

X ^OH = constant — 10“^"^ nt a temperature of 
21 degrees ecntigiado 

Any solution, ntid in particular any aqueous soil solution, n ill be 
acid oi alkaline iiccoiding as whether. 

Oh ^ CoH or, Ch > iq- '' 

< <. 

Examples of neak acid and alkaline solutions with tiicir 
con esponding pH values ; — 


N 

(a) Acid — HCL — 85®/o dissociated. 

Ch = ^ X A gins. H-ions/litrc = 10 appiox 


100 10 

or, pH *=■ l.Oappios. 

N 

jg. lyaua - 

84 1 

j^X jQgins, (OHl-ion-j/htrc 

10“ 1 gins (approx ) (OH) lons/litrc 
lO-l'* „-13 


(b) Alkaline— NuOB — 84% dissociated. 
(^OH 


01 




10 


-1 


= 10 ' gins. (approx.)H--ions/litre 


for nhioh pH -= 13 (approx ) 


The acidity or alkalinity of ii boliition may be dotci mined by either 
of the foJloH'Hig two pimcipal methods of uliicli the latter is by far tho 
inoio common — 

(a) By titiatioii uitli noimal acid or alkoli to neutrality, or, 

(b) By determination of the pH electroh’tically using the platinum, 
glass, quinliydrone or ant]mon 3 ' eleetiode method. The antimony' 
electrode method seems to be the lutcbt and details are given in a paper 
by 0 J Schollenborger contained in Soil Science, Vol. 41, 1936 


The pH of a Soil vaiies w'lth : — 

(a) The amount of organic matter of humus present and its 
degree of base saturation, i.c. with tho colloidal buinio substances 
present and the amount of bases absorbed therein. 


Humic acid, formed during the decomposition of organic matter, 
IS, in tho absence of bases, highly acidic having a pH of 4 or oven 
less. It is oxidmablo especially in the presence of bases, producing 
COj and HjO’ When Bases aie piesent, cspcoiallj' calcium, tho acid 
pioportics of humus vary from ‘mild’ to nculial. 
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(b) Tlie jimoimt of mineral acids pieseni. The olncf mineral acids 
present, or likely to be present, in soils arc : — 

H^O + CO, acting as formed during the oxidation of organic, 

materials and humic acid or by the dissolving in water 
of carbon dioxide from the atmosphere duiing rain or 
formed from the cnibnn dioxide produced during plant and 
micro-organic rcspiiation in the picscncc of moisture”, 
and introduced into the soil hy percolation. 

formed during the oxidation of organio sulphur com- 
pounds, sulphides and free sulphur by certain bacteiia 
and also by direct oxidation of sulphur compounds and 
sulphides^'”. 

IINO^ formed during thiinderstorins, especially under t.i02>ionl 
conditions, and intiodiicod into the soil by percolation. 

In addition, plio^phoric acid and/or a form of silicic aoicl may be 
formed, under certain conditions, by amon exchange*^. 

Furthci, potential HGL, ^2SO^ and may be formed during 

partial cation exchange in the presence of electrolytic solutions in 
which the base leplaocs ll-ions from the soil complex or micelle 

According to some authorities the amounts of mineral acids piegcnt 
in soils are small but this docs not appear to bo univci .sally acccpt.cd. 


(c) The nature of the clay — especially the colloidal clay- fra otion. 
This is expressed by the ai 1 ica,-scsqu%oxidc ratio or the acidoid-ba'toid 

S2O 

ratio for the clay fraction, i.e, -rm — r 7 7- or, in view of the Avork 

^ ALOj d- FbjOj 

of Mattson, Pugh and du Toit and others, and as expressed by Robinson®, 
by the (silica, humic acid)/(sesquioxido) ratio when humic acid 

is present in the colloidal olnj' complex. 


Thus desaturated siliceous clays, i.e. clays in whicli the silica 
bcsquioxido ratio has been, perhaps arbitrarily, fixed as greater than 
2 , have a lower ^j£r than desatuiated claj’^s iich in scsquioxidcs, i.e. those 
clays in which the silica sesquioxide ratio is less than 2 ®. 

In the above it is pointed out that silica and the Bcsquioxidcs 
not only form the bulk of the clay fraction hut oifer the greatest 
resistance to base exchange and other Aveatlicring plionomona. The 
, degree of pornianentness is jPe >A? >Si02. 


(d) The degree of base saturation of the silt, olay and colloidal 
clay fractions. The higher tlio degree of base saturation the higher 
the pH, but unless sonic soil alkali or alkaline earth bases, jircforably 
in the carbonate form, bo present in free and accessible form the 
pH is unlikely to rise much above the neutral value of pH=T. 

Similarly the lower the base saturation or tho highor the degree 
of unsfituraiion the more acid the soil-reaction 
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The of a soil supplies tho engineer iiith the following infoima' 
tion : — 

1 Low values of the •pll indicate soils with an .loid reaction Any 
free or ionized potential acid is available to attack exposed steelwork and 
may, by capillarity, or possiblj' by vapour transmission, be able to 
attack steelwork einbeded in concrete. This action is ratlier similai to 
that occuinng when theieinforcemcnt of piles in sea watei is coirodcd by 
acids formed electrolytionlly due to temperature diffcronces and introduced 
to the surface of the reinforcement by capillarity, vapour flow or by 
electric currents. 

2. Bcquircments in the control of water purification’^. 

Apart fiom the above the pH gives little direct information unless 
accompanied b}’ further data, as will be seen from the folloning — 

3. High values of the pH infer alkalinity. Though genei ally speak- 
ing an increase in pH corresponds to a decrease in coriodibility yet if 
ficc carbon dioxide be present nn alkaline solution may cause as much 
corrosion as nn ncid solution Noimall^ nn alkaline solution will lead to 
dcxiosition in, say, a pipe lino and cause choking. 

4. The pH value is an indication of the base exchange capacity 
or, more correctly, of the degree of s.aturation Prom its value and a 
knowledge of the nature and amounts of replaceable bases the amounts of 
such stablizing materials as calcium chloride, sodium chloride and 
silicates required to bo used in earth road stnblization problems, can be 
estimated for known conditions of leaching. This will be further discussed 
under Base Exchange. 

5 The pH gives some indication of the active weathering process 
and of the nature of the clay minerals formed by that process. Tims n 
low pH indicates nn active acid weathering productive of siliceous clays 
(iS/f?> 2) of high plasticity, low friction, high cohesion and moderate 
shrinkage ; a neutral or slightly alkaline pH in the humid tropics indicates 
strong hydrolytic weathering productive of sesqmoxide clays [S/It< 2) of 
low plasticity, modernto cohesion (doivn to a certain moisture content 
below which the cohesion disappears) and low shrinkage , a high pH 
indicates a mild hydrolytic weathering and represents fine grained 
impermeable soils of high cohesion and high slinnlingc. Tlie clay minerals 
for the above progression of weathering degree ma}', in general, bo 
theoretically considered to vary fiom those bordering on the 
Montmorillomlc group down to those represented by the Kaohn group 
and/or the h}'drated aluminium, ferric oxide group. In practice, however, 
the dominant clay minerals appear to bo represented in rathci the 
rcveise order, i. o., minoials of the montmorUlonile group appear to bo more 
common m tropical than in temperate zones and that those of the 
Kaolinitc gioup appear more common in temperate zones 

When the SjB ratio ap^iroaobes 2, the weathering borders on both 
the podsolic and lateritic, or, on the siallitic and allitio systems. The two 
may actually be both active in any one area. This leads to two 
possibilities — a variation m profile properties within the area and 
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43. Give the avciage lengths of 
tiavel pel day. 

(a) On metalled loads 

(b) On unmclallcd roads. 

44. Give the number of piofcs- 
sional caitmen owning more 
than one cait. 

45. \VIiat is the total weight 
ciiiiied by piofcssional cans 
in a year ? 


III. GENERAL. 

4G. Gi\e paiticulais of the chief 
obsIaclc.s to the satisfactoiy 
operations of cans, such as 
loose snifacc, mud, sudden 
humps 01 dips, nullah crossing 
.\nd tlieir approaches, gradients, 
or any othci special diflicuhics. 

47. How manv additional rails will 
use (he roads if these defects 
arc icmoscd ■’ 

40. riorv many additional days and 
miles will each cart work, or 
additional load it will cairy if 
the defects aie icmovcd ? 

4g. Total quantities in a year can icd 
fiom villages — 

(a) To Railway Station, hfds. 

(b) To maikcts. Mds. 

50. Give details of 

(i) Any peiiodical maikcts, 

fairs etc held in the 
villasc ; 

(ii) the avciagc number of 

outside carts coming to 
the market fioni neigh- 
bouring villages and 
towns; 

(ill) the total value of iiansac- 
lioiis in each market 
day. 

, (a) Stale particulars of any 
industries in the village, with 
approximate q ii a 11 t i>t'i c s 
produced and value; 
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(b) Give particulais of raw 
material with quantity 
impoi ted from outside lor 
these industi les 

(c) Give lengths of metalled 

and unmetalled toads, 
used by carts getting the 
raw materials; 

(d) Give particulars and quan- 
tiUes of the (1 n 1 s h c d 
product exported to each 
place with names of places 

52 Can nets industiies be opened or 

existing industries improved 
by better roads ^ 

53 Give the average number of idle 

days with reasons i e. bad 
communications, weather 01 
lack of materials for transpoit — 

(a) Agriculturists. 

(b) Professionals 

54. 'What are the pievalent lates of 

carriage per mile per maund— 

(a) On kutcha roads, 

(b) On metalled roads, 

(c) Combined. 

IV CONVERSION TO PNEUMATIC TYRES AND OTHER TI'RES. 

55. Give niimbei of carts with 
pneumatic tyre equipment, and 
state who owns them and what 
work they do, and i\ eight 
cairied, and the number of 
months the caits stand idle. 

56 Give number of cart-owneis 
willing to substitute pneumatic 
tyres for their caits and on 
what teims 

57. Is theie need for increased 
capacity per cait foi caiting 
produce etc. from and to 
village ^ 

5O Aie theie any othei carts with 
1 oiler bccirings ? 

Give number; What woik they 
do and the weight earned. 



(a) British India includes the i ! Governors' Provinces as well as Baluchistan, Delhi, 
Ajmer and Coorg. 

(b) It would be meaningless lo strike averages in tons over 100,000 population because 
of the large variation. 

(c) These provinces did not participate in die 1940 live-stock census, 

(<f) Carts in urban and rural areas were not counted separately in Bihar. 

(c) and (/). These totals, for the provinces where separate enumeration was carried 
out, arc 282, 267 and 4,181,785 respectively or 5’65 and 94.35% respectively. 
(9) Not accurate. 
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Tucsdai/, Ortobcr 19^3. 

Mr. Mahabir Prasad (Ghaiiman) Galled »ipon Mr. Vesugar to introduce 
his paper “proposals for an All-India survey of Bullock-Carts by means 
of random sampling". 

The above paper was taken as read. 

DISCUSSION 

•MR. VESUGAR (Author) in' introducing his paper said:-Thc most 
attractive feature to me of the Gwalior session of the Indian Roads Congress 
is the way our interests have ranged from flights of fancy to the daily grind. 
We have talked about reconstruction when we arc united in feeling 
that this shall not be on the scale of a paltry 50 crorcs but have 
ai^ucd whether it should be a grudging too crorcs or a solid 300. 
On the other hand we have kept our feet firmly on the ground; 
we have discussed the old and humble macadam and arc now 
going to talk about tlic older and humbler bullock cart. I need 
not, therefore, apologise for introducing a paper which lias no claim 
to originality or rcscaicli and which is not a contribution to 
engineering as a science. 

Whilst no engineer denies the destructive action of the 
iron tjTC, it is possible that the total c\tcnt of this damage maj 
be greatly exaggerated. Depending upon the extent of tins damage 
the remedy will He in converting roads subject to sucli damage to 
concrete or to converting bullock-cat ts in certain localities to rublicr tyres. 
We cannot gel a cleat idea of the solution until we know the 
problem accurately. Such figures and statistics as arc readily 
available bring out some curious facts ani serve, if anything, to 
increase the perplexity in one's mind rather than solve it. It 
will be seen from the figures quoted in paragiaph 8 (page [86) that 
there arc some very grave variations but at the same time there arc 
also some distinct trends. The amazing thing is that one finds ti\c 
greatest variation where perhaps one would expect uniformiiy, for 
instance the number, of caits per 1000 tons produce. 

The table at the end of die paper is by no means exhaustive 
nor should every figure given therein be considered strictly accurate. 
I notice that certain mistakes have already crept in during 
printing c.g. Sind (line 7), or Central Provinces (line 48); there may 
be many others which may have escaped notice. But on the whole 
the table may be considered to represent a fairly accurate pictuio 
for British India as a who^c and if it is incorrect in the extent 
or the assumptions .regarding a certain figure, the. error is the 
same for all provinces and the picture is not, therefore, materially 
satiated. Uniformity all over India is perhaps only visible in tlic 
ease of the figures and averages concerned with railways. Not 
only arc the agricultural areas served per mile in each province 
comparatively uniform, but so arc abo the figiitcs for population 
per mile of raihv,iy and the produce carried. If this means 
anything, it shows that the railway.s have been carefully projected 
This may serve as a pointer to us in designing our Road net. 
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Perhaps, to our shame as road engineers, it may be stated that 
averages concermng roads are hkey to -be the most misleading. 
This b a strong reason for the establishment of a bureau for 
coliccung road statistics. The most uniform figure in the whole 
table seems to be that given m line 49. Translated, this figure 
would mean that tlie total produce all over India is about i lb. 
per head per day, just enough for a bare subsistancc leaving very 
little surplus for money purchases out of agricultural produce. 

In para 12 [page 187], I have drawn attendon to the danger 
of making deductions from averages and the danger of over- 
simplifications of facts. Nevertheless such averages do show broad 
trends In paragraph 17 [page 18B] it is worked out that the 
average number of trips for a cart per year arc only io-20. 
This would mean that the bogey of damage by the buUock-cart 
IS verv much exaggerated. All the same tve have seen this damage 
with our own eyes and therefore, there is all the more reason 
for a statistical survey to find the reason why. If we could come 
to some final recommendations regarding the lines on which the 
survey should proceed half the problem will be solved. The 
next step after deciding the method is to tr)’ out the method by 
means of a pilot survey ( wc have heard rather a lot about pilot 
surveys during this session and sometimes I wish I had not 
coined this word }. Before any work can be undertaken it is 
necessary' to decide upon the questionnaire. Admittedly the one 
proposed at the end of the paper has become too long in trying 
to mako it comprehensive It has been drafted to make certain 
that nothing is left out, the difficulty comes in deciding what to leave 
out. 


An important by-product of a bullock-cart survey would be to 
obtain a picture of the extent to which villages arc served by or 
starved of road and to collect mformation which would help in projecting 
future village road construction. 

I am afraid statistics are often distrusted. That is no argument 
that honest investigation of a problem can be carried out without 
statistics It IS said that truth lies at the botom of a well, who 
knows It may he at the bottom of a statistical ti-ible. 

Mr. Eynnersley (Bombay):— Mr. Vesugar should be congratulat- 
ed on bringing out an enormous number of very interesting facts He may 
be cnUcised for taking many of the facB Vhich arc not directly con- 
nected with bullock-cart, but he has given very valuable analysis at^lhc 
end The only trouble is that when I tried to understand this analysis, I 
got rather appalled with the maze of figures I do not taow whcdicr it 
is so with the majority of persons. Personally, I do think of traffic m 
terms of the miles per square mile of area. If you turn to the table at the 
end. you will see there items 60 and 6i, agricultural area per mile of me- 
talled roads and agricultural area per nulc of all roads If you read through 
these things, you get a certain amount of infonnation, but I suggest to 
Mr. Vesugar that the meaning of this svill be more caaly understood m 
terms of milage of metalled roads, and of all roads per square mile of atca. 
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From an analysis of the figures furnished, it is seen that the milage 
of metalled roads per square mile of agricultural area works out as 
under 

Milage per sq. mile of Milage per sq. mile of 

agricultural area. agricultural area. 


I. 

British India. 

O' 16 

7 - 

Bihar. 

0*124 

2 . 

N. W. F. P. 

0'264 

8. 

Bengal. 

0.097 

3. 

Punjab. 

, 0-093 

9 - 

Bombay. 

0'2i8 

4 - 

U.P. 

o'oi4 

10. 

Madras. 

0*333 

5 - 

Sind. 

o'o8 

II 

G. P. 

0*122 

6. 

Orissa. 

0*16 

12. 

Assam. 

0*082 


Madras has thus, the greatest milage of metalled toads per sq. mile 
of agricultural area, 

It is a difficult question to decide, what increased milage the pro- 
vinces should have, as this depends on several factors, which may not all 
be applicable, to any one province. We have, however, to decide this on 
some rational basis. The mass of figures given by the author have to be 
carefully checked, and analysed, before any general conclusions arc 
drawn. 

Mr. N. T. Gnanaprakasam [Madras]. -The author of this very- 
interesting and useful paper has invited discussion as to the possible means 
of securing a fully representative surv'cy of the bullock-cart situation in 
the country. 

I do not think there is any otiicr mcliiod than that already 
advocated by the author, svlio has considered all possible ways. 

If we refer to page I go of the Papci, we find that three methods 
have been suggested for our consideration and I would say which 1 would 
consider best and svhy. 

In the fiist two methods, we select about one m two hundred of 
villages in a District or Province and take a full count in those villages. 
If we do so, my feeling is that we do not get even one village to represent 
the different types and sizes of villages. Generally speaking, oui villages 
can be classified mainly as [i] Wet or Delta [2] Dry or upland and [3] Tank 
or well irrigated, Forest etc. and each class can be sub-divided into at 
least five groups depending on the size [as determined by population]. 
Thus there will be at least 3 X5 or 15 types of villages or towns and un- 
less the count is taken for one, two or three villages of each group depend- 
ing on the total number of villages in each group, we cannot secure any- 
thing like a representative survey. 

Secondly, in the first two methods a full count is suggested in •the 
selected villages. It is well nigh impossible to get all the carts in a 
village together at any one time. Neither do I consider it necessary 
because we are all aware of the monotonous similarity between the carls 
of one particular locality which arc almost pattern moulded. In a 
District probably there may be three or four different kinds, varying only 
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in few d'mer.sioDS. At any rate, it is so in the Madras Province. ^ Hence 
much useful information cannot be ebeited by a full count of c^, but 
on ihc otlier hand by surveying a greater number of villages more useful 
information on connected subjects can be ‘got. 

The third method has the advantage of giving us a representative 
or at least a more truly representative survey, piovided villages repre- 
sentative of the fifteen or so different sub-groups arc selected for survey. 
This selection can also be made to aiit geo^phical or travelling con- 
veniences, if possible. 

To give figures, in Madras Province according to the first two 
methods a full account will have to be made in seven villages on an 
average, in each of the Districts. But you know that seven villages can 
by nomieans represent the different types and sizes of villages. But 
according to the third method about thirty villages may be surveyed 
taking only say 25 per cent, or even 10 per cent, count of the carts. 
Tliis will give more representative ii&imaiion on all the aspects of the 
survey and tvill therefore be more satisfactory, and the extra money, time, 
and energy spent will be more than compensated by the better results 
which arc bound to. follow 

Tlie questionnaire is drawn up in gicat detail and is therefore 
very comprehensive but my only observation is that most of the infor- 
mation must be collected and kept ready for the enumerator before he 
actually visits the selected village. The nature of the information 
required is such that most of it can lie furnished only from official 
c. S', the pai.iculars under tho ist group rK) ci ops etc. may be furnished 
by the officers of the Agricultural Department and those in groups III 
& IV by the officials of the Engmecring, Agricultural and Rewnue 
Departments Again some information, such as the unladen weight m 
cart under group III, cannot be obtained m the village olf hand and 
must begot through some Engineeiing official. Hence my suggestion 
is that the questionnaire may be sent to some local officials in adTOnce 
for furnishing the information which may be collected and venfied by 
the enumerator. 

The questionnaire is composed of very pcitincnt particulars on 
which information is sought and it would be prejudicial to the survey 
if we try to curtail it in any manner or to any extent. 

Mr G.C Khanna (Punjab) Al tvill deal with one point of Mr. 
Vesugar's interesting and thought-provoking paper in some detail. In 
paragraph 5, page 185, he has raised the following question : 

“The only type of road that will stand up to the heavily loaded steel 
tyre is concrete, the really sensible wheel for any road irapsjiort jprpose 
is the pneumatic tyred one. What should be one’s objective then, the 
concrete road or the pneumatic tyre”. In order to anssver this question 
we will have to woik out transpoit costs in relation to road maintchance 
charges. These have been worked out in detail below 

If a ton of goods is moved on a road, the total cost of transport 



Paper J— 43— Discussion. 


2oa (e) 


consists of two parts i.e. (i) cost of transport by vehicle per mile per 
ton of goods carried say Gv («') Cost of maintenance of road per inilc 
per ton of goods carried say, Gr. 

The total of Gv and Gr should be kept minimum for ciheient and 
cheap transport. For a metalled road Gt> or cost of carriage of one ton 
of goods per mile is about two annas only. The cost of goods on an 
unmctttllcd road is about 25 per cent, higher f. e. is about aj annas per ton 
per mile. 

Itoad Mainlc 7 ian'c Gosls, 

It is a common practice to state the cost of maintenance of a road 
in rupees per mile per annum. This is not a correct method of describing 
the maintenance cost, as it docs not bring into the picture, the traffic 
intensity on the road. 

If .d is the annual cost of a load in rupees, and is traffic in tons 
per 24 hours, the cost of maintenance of road per ton of goods ». a. Gr 
is given by the formula. 


Gr 


A 

365 f 


{»•) 


The Xactor Gr determines the true economical value of a road to 
the community. The annual cost A is composed of three items (t) 
cost of maintenance per mile per annum; (ii) .-imortisation charges for ihe 
net capital cost invested in the construction of a road and (t») interest 
on icsidual value of the road. 


+ 


{ F — R )r [i + f) 
( I + r ) «— I 


■+flr. 


■(«) 


Whetc if —Cost of maintenance of road per mile per annum. 

F •» Capital or finance invested in construction of road. 

JJ= Residual or salvage value of road after n years of service. 

n - Life of road in years. 

r “ Rale of interest on Re. i/* per year. 

Let us apply this formula to the Punjab figures, and work out the 
annual cost. 

if =Rs. 1,000/- (Cost of maintenance.) 

F «=Rs. 15,000/- (average) cost of metalling a road. 

R =Rs. 7,000/- i. c. after a certain number of years the road will 
become uneven and will require scarifying and rcconsolidation 
to bring it (0 piopcr shape. Rs. Vsooo/- is the value of soling 
coat Stone, bajri, etc. that will be still available. It will cost 
about Rs. 8,000/- to icconsolidatc and reshape the road. ' 


* All the figures taken in this article arc picwar. 

1 The 2nd term in this formula has been taken from Eempe’s Year Book 1922 
Edition page 5. The other two Icmu aic obvious, 
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n —BO ycars._ If a road is given a subsequent coat of tar or bitu- 
men, at intervals depending upon the tralHc intensity, thcic is 
no need to rcconsohdatc it again. Some of the miles in the 
Punjab arc 20 years old, and their surface is as good as new. 
Life of the road has been taken as 20 years to be on the safe 
side, 

r = Rate of interest As money is cheap a rate of 3 per cent, 
per annum has been assumed. *Moncy for Haveli Irrigation 
Project has been raised by the Punjab Government at 
3 per cent. 

Substituting in (ii) we get : 

4 =Rs. 1,740 

and for traflic of 1,000 tons per day. 

=o.g pics or say t pic per ton mile. 

This figure is only 4 per cent, of the cost of carriage by vehicle 

^ Where the traffic intensity is less, the annual cost of road is reduced 
by giving subsequent coat of tar or bitumen after longer periods. The 
annual cost of these miles is therefore automatically reduced. 

Roads on which traffic intensity is still lower, can be constructed to 
cheaper specifications. Soil-stabilircd road can be riiadc at a cost of 
Rs. iooo/- and can be maintained at a cost of about Rs. 400/ per mile 
per annum. They can cairy a traffic about 300-400 tons a day. 

^ If vte examine the figures of expenditure on roads in the United 
Provinces, where a large railage of concrete roads has been constructed, we 
vnll ^ find that road maintenance costs in terms of ton-miles- of goods 
carried are even lowei than in the Punjab. 

A concrete road costs about Rs 23,000/- to m.ikc ; h-ns a life of 
about 20 years and will have a residual value of about Rs, 12,000/-. If 
the road wears out after the period, it xvill be necessary to give a hcasy 
coat of tar or bitumen. Its maintenance cost is about Rs 150 per mile 
per annum. Substituting these figures in formula (h) we get, 

.^=Rs. 1383 or Say Rs. 1400 
and (7r»o.73 pics per ton mile for 1,000 tons of traffic, 

A concrete road can take a traffic of about 2,000 tons to 3,000 tons 
per 24 hours without any detrimental cflcct. The value of Cr svorks out 
to about 0 4 pics svhere traffic is about 2,000 tons. 

We thus find that extra cost of metalling a road is only 0.3 to 1.5 
pics per ton-mile of goods carried, and the extra cost of carnage by 
vehicles on an unmctallcd road is 6 pics per ton mile. 

*riiiaiu»andEconomiaof Imgation Pcojccu by Kanwar Sain.ISE., Director, 
Central Designs, Haseli Project. Paper No aaO, Punjab Engineenng Congress. 
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The public thusjncur, on its motor vehicles an expenditure which 
is 4 to 6 times that would be incurred on metalling a road. 


If a toll is 'levied on new rhads, it would be a commercial pro- 
position for the frovernment. The amount of tax imposed on a vehicle 
should be less than the extra cost of running it on an unmctallcd road. 
Let us examine whether toads are a success from financial aspect. Sup- 
pose there ate two towns 32 miles apart, which arc to be connected by a 
metalled road. The cost of metalling will be— 


32 X I5,ooo=Rs. 480,000/- 


The saving in cost of carriage on account of metalling the road will 
bc 6 p,esper ton.mile. Out ofthissumofepicslct us assume that the 
nf o ^ ‘he rate of 4 pics per ton-mile, leaving a balance 

of 2 pics for the encouragement of traffic. The gross earnings for "he 
whole >cai with a traffic of 1 ,000 tons a day will be- ^ 


1000x32x4X365 

19a ~ 2.43)000/-, 


The total gain will be Rs. 1,87,000/-, 
the a« 'vill be 30 per cent, over 

The profits 'viU bc^mduced loss, 

riem maigin. For instant if the 3 ^ 

the income will be 15 per cent ^ “ “"‘y 5oo tons, 

construct a road with black ton the S '» “^^o tons, and wc 

cost road i e. soil-stabilised roS’is consC V" 
traffic, the income will be about la to of 

>«'*♦>“ 5 i»r c«.t. on 

Ooverimoitcm'hKiMtotolalicU,^™'^''”* “ftodneave’- and m, 

of Crust. 
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Traffic 

«• 

Annual cost of Proposed Rbad 

Remarks. 

to 

infensity. 

Road in Rs. Crust. 


I 

Up to 100 tons 

Rs. 200/- Earth road. 

For lower intensity 
of traffic, value of 
Cr will be more than 

I pic per ton mile. 

9 

100 to 300 tons 

Rs. 200/- to Stabilized soil 
Rs. 6oo/* load crust or 

brick track- 
ways. 

do do do 

3 

300 to 700 tons 

Rs 600/- to Metalled road 
Rs. 1400/- treated with 

tar or bitumen 

do do do 

4 

700 tons or over 

Rs. 1400/- or Concrete 
more, depend- road, 

ing upon tra- 
ffic Intensity. 

Value of Cr will be 
reduced for higher 
intensity of traffic. 


Now I deal with the question of concrete roads versus pneumatic 
tyred carts. 


In a general way it can be stated that where traffic intensity is low, it 
"'illbc more economical to have carts wth pneumatic tyres Where the 
traffic is heavy' as in towns, it will be cheaper to have concrete roads 

This generalisation can be proved by analysing costs of maintenance 
of a pneumatic tyred carts. • We have to make certain assumptions. 

(1) Tiae extra cost of maintaining a pneumatic tyred cart is 
about Rs. 30/" per annum. 

[2] Carrying capacity of the carl. This varies from District 
District. On an average 0.75 of a ton may be considered as the 
carrying capacity of a cart. “Casual observation in all parts of the 
country gives the impression that the general capacity of a cart averages 
less than 15 maunds”*. The load capacity of pneumatic tyred cart is 
not increased on account of pneumatic tyres, but on account of improved 
axles, and bearings. A solid tyred cart with ball bearings will be as 
efficient as a cart with pneumatic, tyres. 


[3I Distance travelled in one day, A cart can travel fully loaded a 
distance of about 10 miles each day- On a particular day, it may' travel 
more, but it is difficult to maintain an average more than this. 


(4) A cart works for about 300 days in a year allowing break down, 
holidays to the cartman, etc. 

The extra cost of carriage by pneumatic carts is — gox 192 
: 10x300X3/4 

pics per ton-mile. 


•Para 4, Page i8j of the Proceeding]. • 
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Some Local bodies who have heavy traffic on their loads have 
cither banned the use of solid tyred carts, or cncoiiiagc the use of pneu- 
matic tyred carts by remitting taxes, as they find that solid tyred carts 
arc destructive to their metalled roads It has been shoivn above that 
concrete road is mote economical thanothci types of metalled road 
wheie traffic intensity is about 700 tons, 01 more. Wheic the traffic inten- 
sity IS less, the extra cost of making a concietc road over any other 
type of metalled load is about 0.3 to 0.5 tons per mile. This 'figure 
should not be conrused with Cr which is tlic extin cost of making .a 
metalled load over an unmetallcd road. 

Thus while e-xtia cost of making a coiiciete load over otlici types ot 
metalled road is o'3 to 0.3 tons pci mile where traffic is in the neighboui- 
hood of 400 tons per day, and is nil where traffic intensity is 700 tons 
per day. The extra cost of running a pneumatic tyred cart is 2.5 pies 
per ton per mile. 

It will be at once apparent that where traffic is heavy, pneumatic 
tyred carts afford an uneconomical solution to the problem It is 
cheaper to construct a concrete road, and allow all types of traffic. 

Where traffic intensity ih low, and a road cannot be maintained at 
a cost of 2.5 pics per ton mile, the pneumatic tyred cart svill be inoie 
economical This cart has a considerable scope on village roads 
where traffic intensity is about 50 tons a day. A vcr\' considerable pio 
portion of road milage of India carries this traffic. 

Mr. M. A. Rangaswamy (Bihar):— The author of the paper has, 
in suggesting the questionnaire for an all-India survey of the bullock- 
carts, raised many interesting points in his paper. 

Bullock-carts are the piimary means of transport in India. The 
steel tyre wheel of the bullock-cait has a destructive action on the 
road surface (paras, i and 2 of the Paper, page 183). Every one will 
agree with the author for what is slated above. 

What length of 70,000 miles (metalled) is affected by the carls and 
ho^v many of 7 million carts arc rc.sponsibIe for this ? What is the extent 
of use of the road b)’ the buUock-cait ? Whctlicr professional carts use 
them most, or the village carts carrying agricultural produce use them 
most ? What arc the possibilities of converting the wheels of ordinari' 
bullock-carts to pneumatic ones ’ Is there a possibility of improving 
the wheels on the lines indicated by Mr Munell? 

To answer the questions laised above and to find out, if there is 
ically d. bullock-cart problem, the author suggests a bullock cart suivcy. 

1 think that the main problem is to have a traffic census, and a 
continuous lecord of the intensity of traffic both of bullock-carts and 
other fast moving vehicles should be maintained. If tliis is done, one 
can easily find out what particular areas would need special treatment 
in road surfaces and what areas would need ordinary surfacing. There 
have been a number of experiments made for the Iasi 15 years to give us 
an indication as to what type of road surface would suit particular kind 
of traffic The I, R. G. in my opinion should lay down standards. 
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specifying certain kind of surfaces, for particulai tiafiic intensities and 
segregation of bullock cait tiaffic and provision of cictewavs etc. as the 
situation may demand 

The cart survey, as it is suggested now, will no doubt help to gathci 
a mass of information, on the type of bullock-cart notv in existence, their 
peiiod of \TOrk etc. but this infoimation. .n best, will serve to indicate 
the intensity of tiaffic at any paiLiculai time, at anv particulai place and 
possibly will help to find the information, needed, when tlic time comes 
foi conveiting them to pneumatic t>'ied ones It ma\ serve to show the 
extent to tvhich the villages aic seived bv the load. and tins t\as stressed 
by Mr KsTineislcy in Ins talk about the Pilot Road Schemes I’oi futuic 
leconstruction of loads, the mam points \ve have to take intoconsideia- 
lion is what t) pe of road constiucuon should theic be. wheic there is 
heavy eoncentiation of bullock-cart and other fast moving schicular 
traffic? Will segiegation of the caits m these aicas by cement concrete 
cieteways be dcsiiablc ’ ^Vhat type of change should tlicic lie m the 
technique of construction to take the bullock cait traffic, m case, it is 
not possible to eradicate the use of the steel tyi e, even by legislation or 
substitute tlie same bv pneumatic t^re ? 

The pioposed bullock cart suivcy, as is envisaged, will doubtless 
answci this point too As regards the possibilities of impiovcments of 
the ivoodcn wheels, there is no doubt that great possibilities exist; you 
has c seen the exhibits of wheel, outside the building designed and tested 
by Mr. Miiirell and with peisistent effort and encouragement, and more 
discussions in the congi css, time is not far off when leally cheap and 
efficient types of wheel could be evolved 

Under item II carts, page 200, serials 37 and 3O, it would be diffi- 
cult to collect the information. Items 40 41 Avould answer the purpose, 

otheniise the questionnaire is c.xhaustive. 

Mr. Ghose (Bihar).— Wc must do Away with the offensive thing, 
the bullock-cart Most probabU , after the war, they will naturally be 
done away with. All the pneumatic tvi cs and vehicles that you see are 
surely not going to be wasted After the war, someone like Tatas is 
going to buy up all these things and start a public carrier business These 
carncis using Ionics and buses will automaticallv kill bullork-carts bj 
bunging all produce etc from villages to markets, due to faster move- 
ment of ti anspoi t. 

It might be of mtcicst to students of colleges to get these data which 
Mr. Vesugar has pointed out In the Indian Science Congicss, there is 
such a membership, and they can submit their papcis tliiough a perma 
nent member Some similai thing will help the Indian Roads Congi ess also 

I svould add anothci thing After the wai. we will have more 
synthetic lubbcr, and I think in the Punjab and other places the cattle 
population is being decapitated About 13 cows aic requited now to 
give you mdk for chota liazri. Same is the case with bullocks In 
China, they ate their bullocks, and there was no bullock cart problem 
They aie likely to disappeat, and so s\e must have the suivcy quickly 

Rai Sahib Fateh Chand (U,P.) — My qualification for speaking on 
this Paper is that I was born in the village and brought up there, 
have served for 24 years in the villages I appreciate the interesting 
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figuies. that the author has collected. But these can be of little help, I am 
afraid, to the Ro.id Engineer As I live in a village, I know what 
carts use the roads and what carts do not. In the aggregate, 94.4 per 
cent, of the carts live in villages because it is cheaper to maintain the 
bullock theie. I must say that go per cent, of these do not use the 
roads at all The carls in the villages sii e of two types, one long and the 
other a small one which 1 might call a single scat cart. The latter is 
meant to take those people to bazai etc. The long cart is meant to bring 
pioducc from fields to the village. They do not take that produce to the 
towns. The banias etc come and collect these and take them to towns 
and cities m the 5 per cent, calls kept in the towns themselves So 
no idea can be foinicd by taking a census of iho population or quantity of 
grains etc. which is produced. Then it depends on mills and similai 
industries If it is a siigai-canc area and there arc mills, traffic on 
loads would be very heavy. This solution would be erroneous. My 
suggestion is that the survey should be of irorrtyicd and non-iron tyred 
carls. It IS this iiumbct of iron-tyicd cai Is which mattcis. Sonic 10 pei 
cent, carts might use a road 30 times wheieas other go pci cent might 
not use the road at all except when they go to mclas etc. 

Another point is that we can do a lot by regulation of traflic. The 
damage done is great, but the percentage of cai is which cause them is 
small. If Mc ran manage that percentage, we will be able to solve the 
problem. \Vc allow only light traflic on service roads. In the same 
way, we can icgulatc traffic on other roads. If you once put a cart on a 
paitictlar loutc. it will follow it always. This remedy of icgulating the 
traffic has been tried in scvcial distiicts successfully, particularly with 
icfcicnee to light traffic. 

Another point is pneuiinlic tyres. 'I'liey are taking the place of iion 
tyics because they can can’y much moic at much less cost. It 
is also a fallacy that a pneumatic tyred cait cannot go where an 
iron tyred one can. Also these tyres wear out much less 

Mr. A. S. Adkc (Bombay). — I congiaUiltUc Mi. Vesugai for liis 
very intcicsting papei. I was .also born in a village One point which 
was very clear from the Paper was that statistics available in India did 
not provide the details necessary to enable the bullock-Larl pioblcms to be 
propel ly tackled. It is veiy difficult to make plans when we do not 
know exactly how much damage was being caused by bullock-carts. I, 
ihcicforc, suggest that wc should turn to pan. ja, page 194 of Mr. 
Vesugar’s Paper w'hcic he suggests that the Central Govci nment should 
undcitakc a survey on the lines suggested in detail by him, and that this 
Congress should pass a suitable Resolution asking the Government of 
India to have this work put in hand. 

Mr. Abdul Aziz (Punjab). — In paia. 39, page 193, Mr. Vesugar has 
called for suggestions for simplifying the proposed questionnaire In my 
opinion, questions 5, 6, and 7 can be safely omitted. The information 
desired in question 5 is the acieagc that can raise higher value crops w'ith 
improved road facilities. 'I'hc cultivators aic not much influenced by 
road conditions as far as the gi owing of staple crops such as bajra, joivar, 
wheal, rice and cotton is conceined. It is the cultivation of perishable 
crops such as vegetables and fi uits w'hich can be extended when the 
facilities for the disposal of such produce ai c impiovcd. The peiccntage 
acreage under these ciops is vciy vciy small and its increase or decrease 
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dcpcndo piimatil) on iriigation conditions moic on load conditions. 

Question No 6 is about acicagc of additional l.ind undci each ciop 
that can be biought undci cultitation uith nnpiotcd load raciliucs 
I leic again in order to bring additional land under culti\ation it is the 
impioicmcnt in the iriigation conditions that is pnmaiily dcsiifd 

Question No 7 deals u’lth the acicage that c.in be brought undei 
eiops but iMtli impioscd well 01 gravity migation I am afiaid that to 
collect the abovi’ infoi Illation w ill bciather a conrusing job foi the enu* 
niciatois and the icsults obtained will be guess woik. At present (and 
1 am speaking of the tunc afici the Wat also) the financial difTiciilties ui 
the way of any gencial iiiipiovcmciit on a laige scale, of the well migation 
m the well iriigatcd mens aic piactically insui mountable Siniilaily, it 
will piobabK be not of imtch help as fai as the bullock-eai t problem is 
conceincd to ha/aid gueshcs on the possible development oraicasfoi 
which theic aic Gosunment Iiiigation Schciiics undei consideiatioii or 
in hand Foi the picsent the siitsev should bcsi be of the picsent bullock- 
cart traffic conditions 

Questions 47 and 49, page 201, will also be difficult foithccnu- 
mcratois 01 the call owncis and Lambaidais to answet as the enumera- 
tors will have no data or definite obsersMtions to go by Now in the 
Noith^Vcslof the Punjab the bullock-cat ts aic conspicuous by their 
absence in most parts of Attock, Mian wall, Jheluin, and Rawalpindi 
Disliicts. Villageis aie not at all cat t-mindccl, admittedly chiefly due 
to the peculiar topogi aphical nature of their counliy. Hci e the donkc> 
and camel have still undisputed swav. It will be \cry hard to say, and 
even if a guess is made, it wall be of no statistical value, as to how niiiny 
carts w'ill appear if the village roads ate improved; hence questions 47 
and 49 arc suggested to be omitted 

Question No. 28 on page 199 is about the cost of a cai i complete 
'I'hc liguics of cost will be icquircd foi j'hnn cniN In the Colonv Aicas 
of L)allpui and Saigodha Distiicts, I have seen oinancnial caits owned 
by man) zaniindais costing as much as Rs 1,000'- although the plain 
can would cost onl) about Rs 300/- The additional cost is incurred on 
embellishing the wood woik by sucking on biass and coppei platCN 
stars etc. 

The questionnaiic is exhaustive and it is difficult to sa) whether 
any information can be omitted 

Mr. Murrell (Bilinr). — Mi. Vcsugai has given us an c\cccdinglv 
thoughtful paper. I must confess that my first impicssion was that the 
survey, if earned out, would result in collecting moi e inroim.ition than 
one human mind could uscfullv employ. 

As pointed out by the author, how ev cr, this matter of the bullock- 
carl concerns not only the load cngincci, but all administi ators of agi i- 
eultuial, \cteunar)', forest, mining, and othci intciests who have at heait 
the prcv'cntioii of waste and the incicasc of efficiency. 

AVhat a pity we* ncvei had such a paper as this) cats ago In 
that case we would pcihaps by now have definite infoimation on which 
to design post-war road surfaces. 
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To have the best possible piogiammc foi post-war load work, we 
mubt provide good lalher than expcnsKc roiids A good load is that 
which serves the puipose with the least expense in consli action and 
maintenance. An unnecessarily high and expensive type is a bad road. 


Thus the Engineer should be able to say to the Administrator “I will 
sec that you get good roads if you will obtain legislation to prevent undue 
ivear and tear”. 

Befoiewccan decide propcily what weai and tear is undue, we 
should have the information made fully available by a sun cy of bullock- 
carts 


A paper like this need mucli moie tlian discussion in the Indian 
Roads Congiess. It needs following up Heic again I suggest the for- 
mation of a “Bullock-cart wheel Committee”, or simply a “Bullock-cart 
Committee’' of the Indian Roads Congress to take up this matter, w’ith the 
least possible delay, with the Central Government, ns also the question of 
large-scale expciiments on the Inoad wooden tyic. 

I 

\Vc must have that Bullock-cait Committee 

Mr. Lokanatha Mudaliar (Madras).— I shall start my comments 
by stating straight-away that I am a believer in the pneumatic tyres for the 
bullock cart used regularly and constantly on transpoil, as distinguished 
liom the villager's cart used for joy rides and on occasional tiansport 

There is a fallacy in woiking out the cost of pneumatic tyred caits 
basing the calculation on taking the present costs I wish to draw attention 
to the difTcrcncc between cphcmcial costs and permanent value. Costs 
change fast, with world events. If the Goveinmcnt decide, it ought to be 
po.ssiblc to make tyres cheap enough to be practical. The economy in 
cattle and laboui by the use of the pneumatic cart has been ignoicd. It 
was mentioned by a Food Adviser to Goveinmenl that 800 caits of the 
present type svould be required to haul the goods equivalent to one tiain 
He added that the paucity of carls and the condition of the roads made 
transpoi t of food-stuffs diflicull 


If we had developed the pneumatic tyred carts, we ivould be saving 
75 per cent, of this number, foi pioducing food in the field. I had made 
43 pneumatic tyred water carts in a Distnet Board to supplant Ionics for 
road watering purposes. 7 'hcse carts were kitcr used on famine works 
and piovcd their immense use as also established the fact that these carts 
could be taken on all soits of cart-tracks. Pneumatic tyred caits aic used 
by Municipalities and Mill owners to great advantage 


I made a number of expciiments on improved Ijcaimgs of the steel 
tyred wheel but icsults were not encouraging and led to the conclusion 
that the pneumatic tyre is the sine qua non of improved beaiings. So 
the pneumatic tyic is to be welcomed foi the mechanical efficiency furni- 
shed by it. 
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In the sun'e\ the cost of maintenance of cart per ton should be 
given preference to and abndging the many othei detali'; about cost. 


Mr. All Ahmed (Assam) — ^Mi. Vcsugai deserves great ciedit foi 
the useful facts and figure^ collected by him and compiled in his papei 
At the beginning of liis paper he has. however, made a sweeping statement 
with which I cannot but differ He says ‘‘Every ton of produce moved 
in India, whatevci its ultimate destination ot method of transport must 
navel by cart for the first stage of its journey*’ I am sure he would 
not have made this statement if he had not postponed Ins proposed tour 
of Assam during the last month. In Assam pai ticularly in the Surma 
\'alley districts agricultural produce is earned eithct over the shoulder 
of the villagei in a “ZJiimji" or in small boats by water loutes before it 
reaches the weeklv hal or market, fi om wliencc the traders remove it 
cither by motor ti ansport or by looat to large towns or Railway Station 
Some twenty-five years ago there were hard'v anv carls used in 1 ransport 
m the Surma Valley, the same applied to othei districts of Eastern Bengal, 
the mam mason being that watei -borne transport is both cheap 
and easy and boats cany the gi cater part of tlic produce in its initial 
stages and a good deal of long-distance transport is also feasible by large 
boats and steamers In these areas, therefore, the bullock cart docs 
not play the part which it does in other parts of India and this explains 
the reason why the niimbei of bullock carts is comparativelv small in 
.Assam. 


The statement made in paia. 9, Page 186 of the paper that “the 
abnoi mally low cart population in N. W. F. P and Assam and to certain 
extent, Sind, can be explained by the nature of the ten am which cither 
due to mountainous, desert or dense jungle conditions, militates against 
agricultural exploitation of the land”, needs modification, for while this 
could apply to carts per square mile, it could liatdly do so in regard to 
carts per looo persons as thc.se ratios could not be affected by presence 
of mountains, deserts or dense jungle where there is no population. In 
the case of .Assam it is mainh due to cheap ivatcr-bornc transport that 
the numbei of carts is so small, and it is dimcult to apportion the fraction 
of pi oducc tvliich is can icd bv carts 


In paragraph 34, Page 192, Mr. Vesugar has stated that agricultural 
produce averages 5^ md. per head It can easily be infeiicd from this that 
damage to loads due to steel tyre bullock-ciits occurs only whcie such 
traffic is concentrated near towns and railway stations The concentrat- 
ed cart traffic ncai Lucknow where loaded carts come mostly inward 
IS an example and here as we had seen during the Roads Congress at 
Lucknow, separate concrete strip had been provided at the sides, for 
bullock carts, whereas the mam ccntial carriageway was black-topped 
for the use of motor traffic .As the problem of an All" India Bullock-Cart 
Survey is of stupendous dimensions, I think it will be sufficient if 
atttention is concentrated to those aieas onlv wheie bullock-cart traffic 
IS extensive due to their industrial importance or location of trade centres 
This limited Survey can, I believe, go a long way in determining the 
dimensions of die problem which the road engineers have to face for 
devising ways and means to reduce the damage to road by bullock-carts 
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Mr. VESUGAR (Author) replyini? to the speakers and winding up 
the discussion said : — 

Mr. Gnanaprakasnin has made a definite suggestion that alternative 3 
may be followed in collecting the statistics and has shown why this is the 
only possible method in Madras I wish he had not approved of the 
questionnaiie so wholc-heaitcdly and instead suggested drastic reduction. 

Mr. Khanna makes a veiy intciesting and economically sound 
suggestion, that in considering the movement of goods the incidence of the 
cost of haulage should be considered in conjunction with that of construc- 
ting and maintaining the “permanent way”. His conclusions on the 
types of roads justified accoi ding to the intensity oftiaffic, arc intciesting. 
The development of this theme would need a paper to itself and I hope 
he will tviite one .some diiy. The conclusions about concrete road surface 
versus rubber tyres is illuminating, and I have no doubt that these indicate 
the way towaids a po.ssiblc solution. 

Mr. Rangaswami feels that what is requited is a traffic survey and 
not a bullock-cart survey. I am afraid I cannot agree with this. A 
traffic census would have to be over the whole year and over 200,000 
miles. 1 cannot see any means of doing this by cither random or selective 
sampling. Further, a traffic surv'cy may scivc for the 'limited purpose 
of deciding on types of road crusts but the same icsult could be obtained 
through a cart sur\'cy with the additional advantage in the latter case that 
a complete pictuie of the problem of ptimary transport in India would be 
obtained at the same time. The results required by a traffic census should 
he possible, under the “self-help” scheme suggested at the end of the 
paper in paras. 52 and 53. 

Ml. Ghosh mentioned that m China they ate their bullocks and 
thus there u’as no bullock cart problem. He lioped that transport sHll be 
quickly mechanized. I may mention that in Russia they killed off their 
horses for another lenson with the lesult that, although millions of people 
died owing to the ensuing famine, an enormous numbei of tractors and 
combinc.s came into being. I trust mechanization especially of transport 
will come into India soon as a process of evolution and without any 
suffering to the people. However so long as the bullock is required for 
drawing the plough, the bullock-cart will also remain as a means of 
primary transport. I am informed on very good authority that a reduc- 
tion of the cattle population and concentration on improvement in breed 
both for draiigJit and for milk would give a much stronger net animal 
power than at jircscnt. This is, howevci, outside the purview of the 
toad engineer. Mr. Ghosh lias also made a good suggestion about interest- 
ing college students in road matter. I would go further and suggest a 
drive to make each school and college adopt a particular road or group 
of roads not only for improving the physical aspect of communication but 
also for promoting road and Iraflic-mindedness. 

Mr. Abdul Aziz has pointed out that with the improvement in 
transport conditions, it is not the acreage which inci eases but the 
character of crops, This is obvious and we may, therefore, omit from 
the questionnaire the numbers he desires to cut out. 
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It was pleasant to hem Mr Miidaliar speak iiom piactical 
experience of working with pneumatic tyred carts. His cxpciicncc about 
hearings is valuable He has come to the conclusion that it is a waste 
of time Using to improve wheel beatings and the correct solution lies in 
having pneumatic t\ies with the type ol hub that goes with this kind of 
wheel I have always suspected this and I am glad it has been substan- 
tiated from expciicnrc 

Whctliei this suggested bullock-cait suivey comes off 01 not, I hope 
we shall make the ^01 ts to gather the information required for sound 
assessment of this pioblein that lies in our osvn power to collect As 
pointed out at the end of the papci to get these statistics docs not entail 
anyseiious amount of extia work, I hope, thcicfoic, that a beginning mil 
be made at least mth oui ti ying fo help ourseh'cs. 
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OEIMENT CONCRETING THE BORIBAY POONA ROAD 


BY 

W. H. E. Garrod, M. Inst. C. E., M. R. San. I., I. S. E., 
Superintending Engineer, Public Workft Department, Bombay. 

Topographical Features of Country. 

The country, through which the Bombay-Poona road passes, is 
extremely varied, consisting of the littoral of the Arabian Sea, — the com- 
paratively low lying ground, 30-40 miles inland, called the Konkan ; — the 
buttress of the Western Ghats, rising abruptly in some parts for 3000 feet 
and reaching a maximum height of 5400 feet above mean sea-level ; — and 
the Deccan plateau, .starting at 2000 feet above the sea at the passes 
through the Ghats, and extending eastwards with a flat but even slope 
down towards the Bay of Bengal (vide plates 1 and 2). 

The average rainfall within the area is also extremely varied. Bet- 
ween October and May inolusive, it is negligible, but during the south 
west monsoon, the sea coast on an average receives 80 inches, which 
increases rapidly' inland over the Konkan up to 250 inches on the Ghats, 
and then drops even more rapidly to 30 inches within the next 30 miles 
to the vicinity of Poona, 

From the sea, over the Konkan and the Ghats, due to this heavy 
rainfall, there i.s extensive and, in places, thick jungle,* but it is “low” 
because the intensity of the rain during the 4 months of the south west 
monsoon washes the soil from the hill sides and so stunts the growth of 
the trees. 

As the rainfall exceeds 50 inches ^n the monsoon, from the sea to 
some distance oast of the Ghats, nco is the predominant crop, wherever 
cultivable soil is available. 

The tops of the hills of the Ghats accommodate the forts of the 
Maratha warrior, Shivaji, of the 1 7th century, and, considering their age, 
these forts are in a remarkable state of preservation. 

Historical. 

The route joining the commercial capital of the Province of Bombay, 
with Poona — ^the old Maratha Capital, and the monsoon seat of the Gov- 
ernment of the Province — ^has not always followed its present alignment. 
From records, it appears that at least up to the end of the 18th century, 
travellers and merchandise crossed Bombay harbour to Panvel Bunder, 12 
miles to the east, and then proceeded up to and over the Western Ghats 
on foot, in doolie or on horse back, goods being carried by pack animal 
(vide plate 1). There exists to-day in Poona, an old milestone “To 
Panvel Bunder, 70 miles”, — a relic of the past. 

At the beginning of the 19th century, roods wore constructed from 
Bombay to Thana, on to Kalyan and thence to Panvel, circumventing 
Bombay harbour, the crossing of which in the monsoon was far from 
pleasant. This new olignment however necessitated the negotiation of 2 
creelcs by boat, and was very circuitous. 

About the middle of the 19th century, an iron bridge was erected 
across the creek at the north end of Bombay harbour and the present 
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alignment from Bombay via Thana, Panvel, and Bhor Ghat, to Poona 
(113 miles long), came into vogne. 

The road rune practically at sea-level up to Thana and, -with 
undulations through the Xonkan, is 300 feet higher at the foot of the 
Bhor Ghat, 66 miles from Bombay. It then rises 1500 feet in 4 miles 
(milestone 70), reaching 2000 feet above mean sea-level at Lonavla (mile- 
stone 74), and dropping 200 feet in the remaining 39 miles to Poona, 
(vide plate 2] . Buddhist caves both above and beloiv the Ghat make it 
probable that this pa-ss was a liighwa 3 f of traffic between B. C. 100 and 
A. D. 600. The existing alignment of the Ghat has, for a short length, 
a gradient of 1 in 7.6, the ruling gradient being 1 in 10 and average 1 in 
15 2 The hair pin bends arc exhemely sharp and combined with the 
gradient possibly present as severe a test as anywliere in India on a road 
of similar importance. Apiopos of wheeled traffic in 1830, hardly a 
single cart was mot n ith on the road. The only local cart wheels were 
discs of stone, and caits wcic large lumbering contrivances, which 
remained as hairlooms in families for generations. Droves of pack 
bullocks held po-session everywhere. 

Improvement in Modern Times. 

The first proposals to improve the road surface in modem times 
were considered sliortly after the last war, when, according to all accounts, 
its condition was far from satisfactory These proposals concerned only 
the reconditioning of the water bound macadam, and this was subse- 
quently carried out Some miles which run through nee fields, level with 
the road surface, and consequently which suffer from ;sub-soil water at 
ground level in the monsoon, were treated with 2 ^ premixed asphalt 
macadam with seal coat after drainage had been improved and Irish 
bridges or dips eliminated. This with subsequent repairs has stood well, 
although with the adverse condition of intense rainfall combined with 
the prevalent heavy military traffic, the length requires constant 
attention. 

The worst curves on the Bhor Ghat then received treatment, and 
were eased as far as was possible. Easing of the gradient near the top by 
utilising the abandoned G.I.P. Railway tunnels was considered, but as 
the tunnels were long and in curve, and the lighting arrangements costly, 
this proposal w'as given up. 

Concreting. 

It seems that the best fonn of construction to effectively withstand 
the heavily laden Deccan bullock cart with its narrow convex iron tyre is 
cement concrete Tar and asphalt, especially in the hot weather are apt 
to nit, and in May, which incidentally is the hottest time of the year in 
the Dcccan, it is almost possible to see the narrow cart wheels “digging 
in”. Such a cart carries .something over half a ton 

Concreting actually started in 1938 before war broke out, and the 
major part of tlie work has now been completed. 

It IS the ultimate aim to provide a continuous concrete road from 
Bombay to Poona, but to expedite improvement to the surface, and, due 
to the prevailing shortage of cement, asphalt and tar have been laid 
temporarily in some lengths. 
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The Sub Grade. 

The old surface of the road conaiKted of water bound macadam of 
dark blue Deconn Trap, hoiuo 4 inches to 6 mchea in thickness, on top of 
muram. As this was uneven, it was reconditioned with G inches of now 
metal of 3 inch guage, with an alteration in camber from 1 in 30 1o 1 in 
60. To ensure complete consolidation, trnilic was allowed over the new 
surface for a month, before concrete was laid. 

Subsequently duo to the shortage of power roller.?, which had been 
requisitioned by the Government of India for aerodromes and other 
purposes, and to ensure a more evenly consolidated sub grade, the old 
surface was covered and brought up to the new camber with a weak mix 
of 1:3:6 cement concrete, laid simultaneously with the slab. This with 
the slab above was known as “bonded concrete". 


The Wearing Surface or Slab. 

The slab is of 6 inches uniform thickness, 20 feet wide, of 1:2:4 
cement concrete, laid in two strips 10 feet wide with a central longitudinal 
joint The transverse joints are at 35 feet centres. In the beginning, 
khandki kerbing of 6 inches width was provided with a 1 J feet metalled 
width beyond, but this kerbing was omitted later on as it appeared to be 
serving no useful purpose (vide plate 3.) 

The aggicgalo utilised was of ciushed Deccan Tiaji stone and 
Mumbra sand (from near Thana) in the proportion given in the Rate 
Abstract attached (plate 4). The slab was estimated to cost Rs. 26/- per 
100 square feet (plate 4). It was actually executed for Rs. 20.8-0 before 
war broke out, but the current rate is Bs. 46/- per 100 square feet, and 
in the case of very urgent works of military importance, this was as much 
as Rs 62-8.0 per 100 square feet at the height of military expenditure 
round Poona in 1942. 

Forms and Mixing. 

When the sub-grado was ready to receive the coiioroto, longitudinal 
timber beams or steel channels, 6 inches high, were placed 10 feet apart, 
and kept in position with spikes driven into the sub-grade (vido photo 1). 
The insulation paper was then unrolled covering tho full 10 feet width, 
and all timber or steel, which would make contact with the concrete 
was oiled. Tho mix was kept as dry as possible, 4^ to 6^ gallons of water 
per bag of cement being used, aocording to the amount of moistiiro in tho 
aggregate. 

Mixing w'as done in Millar’s mechanical mixers (capa'city 10‘7 cubic 
feet), utilising one bag of ooment for each mix. The timo allowed for 
mixing each batch ivas 2 minutes Measurement of ocniont was by weight 
— actually by sealed bag. 

The initial mixes in each shift w’oro made richer in cement, as 
part tends to adhere to tho inside of tho mixer until the latter is well 
coated. A mixer turned out about 100 cubic feet per hour. ‘ 
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In laying bonded concrete, no in<>ulnt'ion paper A\as used The 
shuttering iras first laid down the centre of the road for a day’s work, 
true to line and level The side shutteiing was then fixed at 10 feet 
distance and at a crossfall of ] in 60. 

Before placing the weak concieto, the water bound inacadain 
surface was thoroughly cleaned with wire brushes ond well watered 
The first and last foot length of cach< slab was given the standard 
1-2 4 mix for the whole depth The weak mix ivas well tamped with 
rammers to fill in all inequalities and was finished off under the side 
shuttering in a 1 to 1 slojio. The jilacing of the 1:2.4 mix followed 
about 10 feet behind the weak mix, to ensure a liomogcnoous mass. 

Tamping. 

This was effected partially by hand and partiallj’ by machine. 
AVith a heavy double handled timber tamper, one bay 36 feet long by 
10 feet width was covered in an hour and 24 iiiinutcb, liut with the 
mechanical tamper, the saiiie area, if supplied by 4 mixers, could bo 
covered in 24 minutes. 

The mechanical tamper (vide photos 2 and 3) was supplied by 
the Concrete Association of India, and loaned by them free of charge. 
It costs Bs. 16,000/-. Their representative uas present during the 
whole period of the concreting and the P.W.D, Establishment had 
instructions to comply u ith all his demands. 

The machine consists of; — 

(a) an oscillating screed, 

(b) a vibrating beam 9 feot 10 inches long and approximately 
2 feet wide, the bottom of which is shaped in cross section 
like a very flat V, 

(c) a finishing screed. 

The machine travels over the freshly laid concrete, with screed 
(a) adjusted to half an moli above the finished level. The vibrating 
beam follow, s at the finished level and the finisliing screed is kept 
clear. It rovci.ses with (a) and («) raised and (b) in position, ond 
then goc*' forward with (b) and (c) in operation, (c) sinoolhing off the 
surface and removing any excessive cicnin. \ bass broom was then 
drawn lightly over the surlacc transversely (vide photo 2). 

Jointing Material. 

The jomting material used in the transverse joints was a pre- 
moulded filler ^ moll thick consisting of 2 layers of felt with tar 
in between, whilst hand tamping uas in vogue. As the maohino 
broke down the icsistonce of any flexible material, the transverse joints 
were subsequently formed by a steel plate 4 inches high i o. about 1 inch 
below the finished surface, tapered in section, (thicket at the top than 
at the bottom) to facilitate cxti action, and lutli a hole at the top 
at each end for ulio insertion of wire to effect ■withdrawal. The plate 
was removed i.5 to 20 iiiiniitos after tamping ivas finished and the 
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joint stuffed with paper to keep out dirt. Tlio joint was subsequently 
filled in with a mastic consisting of 60 per cent Mexphaltc, 38 per 
cent fine sand and 2 per cent cement. Tlic longitudinal joint was a butt 
joint simply tarred. 

Dowel Bars. 

5 dowel bars, 4 feet long and -"J inch diameter were placed at 
2 foot centres 3 inches below the top of the slab to connect the 
slabs longitudinally and equalise the load (vide plate 3). Subsequently 
due to the difiSriilt}' in obtaining steel, these were omitted and so far 
the omission does not appear to have been detrimental to any great 
extent but it is caily to give a definite decision. 

On the Bhor Ghat with its steep grade, special measures had 
to be taken for anchoring the slab to jirovent "creeping”, and also 
for roughening the surface to allow bullocks to maintain their hold. 

Anchorages cfln.sistcd of ^ inch bars, 2 feet long, bent at right 
angles at 9 inches from one end, the 15 inches being embedded 
verticallj’^ in concrete, 9 inches square in plan and 2 feet deep, below 
the slab, the horizontal 9 inches o‘f the bar being incorporated in 
the slab and t-ied to the continuous dowel. 2 of those bars were 
inserted at the lower end of each slab in addition to the normal 
dowels (vide plate 3). 

Roughening the Surface on the Bhor Ghat. 

Immediately after the tamping had finished, the smaller mix was 
carefully removed from the surface by moans of wire brushes, leaving a 
mosaic of large metal, which has so far effectively provided a grip. The 
larger metal was left about 1/8 inch proud (vide photo No.5}. 

Drainage. 

On the principle that a rupee spent on drainage is worth two rupees to 
a road surface, the roadside drains, especially in the areas of heavy, rainfall, 
have been deepened and graded. 

The masonry works have also been widened and reconstructed to 
bring them up to modern loading. 

Difficulties in Construction. 

The major part of the work has been carried out since the outbreak of 
war, and one of the greatest difficulties to smooth progress has been the 
passage of long military convoys through the traffic controls. During the 
passing of wide lorries, work had to stop completely, ns diversions through 
the fields were very seldom possible. 

Other difficulties have cropped up in the supply of cement and petrol. 
Also, due to the failure of the late rains in 1941, 'water became very scarce 
in the hot weather of 1942 and had to bo carted long distances for curing. 
Colas-curo has been utilised in some cases under such conditions. In addi- 
tion very extensive military works wore in progress in the area, through 
which the road passed, and the rates for labour went up more than 100 per 
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cent. Labour was literally press-ganged during the night and was lu con- 
sequence difficult to retain. 

Cracks and Opening Joints. 

The concrete has shown no signs of disintegration, even under the 
caterpillar wheels of heavy tanks, but the longitudinal joints have in places 
opened sl’ghtly, and some cracks have appeared. The opening of the 
joints is usually on embankment — either on an old embankment composed 
of poor material, or on new embankment, that has not thoroughly con- 
solidated. Also where embankments are subject to a large difference of 
level of water in the hot and monsoon seasons, the swelhng of the 
embankment in the web weather drags the two widths of the slab apart 
and the oontraction in the subsequent dry season does not take them 
together again, producing a longitudinal joint, which increases annually. 
Under suoh circumstances it would seem advisable to eliminate the longi- 
tudinal joint, if at all possible, and reinfoice the full width with fabric. 

The cracks aie due to exceptionally heav}' loads on uneven support, 
a point in favour of “bonded concrete." The 4 edges of a slab were of 
course rounded off about 1 inch diameter and the jointing ironed down. 

Appreciation. 

I should like to adkuowledgc the information extracted fiom a note 
by Major R A. Fitzherberfc, I S.E , on “Model nisation of the Bhor Ghat”, 
which was to have been published in the journal “Indian Roads", (unfor- 
tunately suspended foi the duration of the war). Major Fitalierbeit, 
before he retired fiom the Indian Service of Engineers of the Bombay 
Presidency in November 1941, was in cbaige of the work, and was, of 
course, wellknown at the Indian Roads Congress. 
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Tuesday, October 5 th, 1943 . 

I 

Mr. Mahabir Prasad (Chairman) I call upon Mr. W H.E. 
Gairod to introduce his paper ** Cement Concreting the Bombay-Poona 
Road 

The above paper wa.<! taken as lead. 

Diseussion. 

Mr. Garrod (Author) : — A small printing error which is not veiy 
obvious should be pointed out. On page 209, in the third para, under 
'* Dowel Bais ”, the word should be “ contiguous ” and not “ continuous ”. 

At the top of the same page are given the proportions of the 
jointing mastic used with the mechanical tamper. The proportions finally 
adopted wpre 33 per cent. R2 mcxphalte, 60 per cent, fine sand, 5 per cent, 
cement, and 2 per cent, finely chopped hemp. 


Turning back to the lop of page 207 in the rst paragraph under 
sub-grade, the statement made in the 2nd sentence that the old surface 
was reconditioned with 6 in. of new metal of 3 in. gauge is loo corapre 
hensive This took place only in those lengths where foundations were 
bad, generally due to paddy fields on both sides on a level with the road 
surface. Otherwise reconditioning with 2 in. thickness of i ^ in. metal was 
effected where bonded concrete was used to obtain the change in 
camber, the old surface was not disturbed. ’ 

Regarding horizontal curves, these wcie realigned to Icmniscates, 
superelevation was limited to a 1 in 12 side slope. The parabolic camber 
of I in 60 on the outer side of each bend was eliminated in the 50 ft. 
before the start of the curve. The .surface on all curves was widened, 
where the radius justified it, and anticlines along the road were cased 
by excavation to improve visibility. 

The normal progress of work wth the mechanical tamper, supplied 
by four mixeis, was on the average one mile of 20 ft. width per month. 

The traffic census which showed up to i ,000 tons per day in peace 
lime has risen to 3,500 tons on some days since the outbreak of war. 

Thcchait on page 210 (b) indicating the lengths of black top, 
concrete, and conpliall shows tliat the proportion of black top 'to concrete 
is at present about i to 2. 

The total cost of improvement to the whole road, excluding the 
first g} miles, which lie on the island of Bombay, and which do not come 
under the P.W.D. will be in the neighbourhood of 55 lakhs of rupees 
Of this, 14 lakhs represent black top, 40 lakhs concrete, and i laldi 
conpJuilt. Of the 40 laklis under concrete, 3 lakhs were spent on the 4 miles 
of the Bhor Ghat. 
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Mr. K. S. Ragliavachary (Simla) : — ^^Vc must be thankful to 
Mr. Garrod for having given us an interesting paper on the concreting 
of Bonibay<Poona Road, a distance of 113 miles When fully completed, 
this would be the longest stretch of concrete road in India 


This subject of con ci etc roads has of late been assuming much 
importance in India and the United Provinces have taken the lead and 
developed thin cement concrete roads to suit light traffic. ■ In their 
opinion, these concrete slabs arc considered to be more economical in the 
long run than black top roads, or c\’cn water-bound macadam. 

The value of the paper would have been very much enhanced if more 
details about the methods of design, construction, and the execution had 
been given It is requested that.the information on the following points 
may, if possible, be given’ — 

(1) _ The choice of cement concrete ovci other tj^jes , 

(2) The design of the thickness of the conci etc for the existing or 
anticipated traffic on the road ; 

(3) The f ormula recommended by Bruce is ; — 

d = \/ where d= Required edge thickness in inches, 
s w=Maximuin wheel load in pounds. 

s » Allowable flexural unit stress in concrete 
pavement in lbs. per sq. foot. 
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(4) The s)3ccial considei ntions for using a uiiifoim thickness of 
5 in. slabs as against the tliickcncd edges ; 

(5) It is u.sual to adopt consti uclion joints at a distance of 30 to 
33 ft. and introduce jin expansion joint only at about 100 ft. 
intervals. In the present ease, expansion joints have been 
used at every 35 ft. This would increase the number of 
bumps on the load ; 

16) Details of superelevation and the nature of the vertical and 
horizontal curves adopted ; 

(7) The special icasons for adopting a mix of 1:2.62 : 5.28 ; 
Aviictliei this was done on a rational basis, or to piovide for 
the bulking of sand, 01 on a mechanical analysis ; 

(8) The change in the proportion of mixing difTcrenl sizes of 
aggregates in the years 1938-39 and 1942 from the estimated 
latio of 1:2. It would be interesting to know whether this 
alteration was based on any compression test or maximum 
density ; 

(9) The thickness adopted at the centre of the load for the 
bonded concrete for the weaker mix (i : 3 : 6) ; the com- 
parative cost of the weaker mix and the water-bound 
macadam with 6 in. tliickncss of new metal. 

(10) \Vhethcr the special anchorages provided in the Ghat 
portions tvcrc only at the end of the slabs or distributed 
throughout the length. 

Mr. J. T. Mehta (Bhavnagar) : — It was pointed out at the Second 
Indian Roads Congress by Lt.-Colonel W. Dc H. Haig, that if traffic is 
more than a painted road will stand for three years without repainting, 
then the only economical surface is concictc. The annual load 
cost of one inch asphalt macadam carpet is more than that of 4 inches 
cement concictc if the latter lasts for 14 years. As cement concrete is tlie 
only suifacc that would witlistand bullock cart tiaffic, its use is becoming 
more prevalent. 

It becomes imperative that instead of wasting money on thicker 
cement concrete roads we should arrive at some dchnitc conclusion tvliich 
would show us what thickness to adopt under difTcicnt circumstances. 
Mr. Jagdish Prasad and Sir Kenneth Mitchell have shown at the 4th 
Indian Roads Congress in their Paper No. E that for a wheel load of 
two tons, five inches uniform thickness of cement concrete Rond Slab would 
be requiicd when the safe bearing capacity of soil is taken as 32 lbs. per 
sq. inch i.e . when c in sheet’s formula is taken as 0.84. 

In the United Provinces, thickness of less than 4 inches have stood 
well on old macadam crust. In the “Indian Concrete Journal” of May 
1938 has appeared a paper fiom “Surveyor” written by H.E. Brookc- 
Badley wlio gives the formula for the design of concielc roads as : — 

Pneumatic tyres S = 1.92 W.C.-^d“ 

Solid lyres S = 2.4 W.C.-s-d® 

tvhercas Sir Kenneth Mitchell gives the latter formula as that for 
pneumatic tyres. 
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The coefficient foi sub-grade suppoit to be adopted foi ^,cll con- 
solidated macadam ciust of sufficient thiekness should be investigated 
This will result in reduced thickness of the load slab resulting m riduced 

cost. In this particular instance sit inches of new metal has been added 

to the already old water bound macadam road and then 5 indies oF dab 
has been put on it. I think either the slab could have been less or else 
if 5 inches thickness of slab ivas to be put, only necessary ic-sectionm» of 
the old 'W.B macadam ivould have been sufficient At least some trial 
length ought to have been put on these lines and results made known at 
a future session of the Indian Roads Congress. 

There is just one point moic. It has been slated that it is found 
that longitudinal joints uic opening out. I think it is due to the omission 
of kerbs. It is not stated whether the two feet bci ms of water-bound 
macadam on either side were tolled by means of power idler 01 not, 
but had there been kerbs and had the bet ms been properly idled after 
allowing 28 days foi the selling of cement concrete road slab, by means 
of say six ton Tandem Ty pc Roller, tlicic would have been less likelihood 
of the longitudinal, joints opening out because the side ditches aic 
all cady made deep and dicssed to piopcr giadc, thus canynng off the 
water from the bank immediately 

Mr. T.R S. Kynnerslcy (Bombay) : — With icfcrcncc to the dcsiia- 
bihty of doing away with longitudinal joints especially over black cotton 
soil it is pointed out that on many parts of this road it was very difTicult 
to make deviations oiving to the fact that the road is on a high bank 
sunounded by rice fields ; thcicfoic liaK the road must be kept open foi 
traffic so making a longitudinal joint indispensable.. 

If icinfoicing steel had been available It should ha\c been used on 
ccitain bad sections, 

_ Bonded conciclc is of two kinds, that in which a thin layer of 
lanforccd concicte pavement is laid ovci a thorough’}’ compacted 
road and bonded thereto and that m w'hicli a w'cak mi\ of concrete is 
placed on the old road to biing the load to the propci level and camber for 
the surface mix This latter method has been used with great success on 
this road and unless considerable time is allowed to elapse and traffic 
allowed to pass over new walei-bound macadam, this mctliod is 
preferable. 

Mr. Mohammed Farhatullah Hyderabad, (Deccan) ; — 

The Sub-Grade 

In^tho ucatmeiu of the sub-giadc it has been mentioned that it "as 
reconditioned with 6 in. of new metal of 3 in. gauge and to ensure complete 
conso idation traffic w’as allowed ovei the new surface for a month before 
concrete was laid. 


^ undeisland the sub-giadc, is piovidcd under cement concictc 
1°1 ^ supporting base and in oidci that llic cement 

the ““^‘«uf> 3 ed when subjected to traffic, 

of uniform character This uniformity is 
1 Dy Its compactness which in its tui n depends on ; — 
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(1) Its inierlocked condition so far as its own composition goes, 

(2) Its mode of accommodation into the suriounding material. 

The passage of traffic over tlic sub-grade for a period of one month 
would no doubt have produced some effect as rcgaids the fcatuic No. 2, 
described above in that it would have caused its equable spreading, but 
it is doubtful if it would ha\c driven home the new material into close 
juxtaposition with the old sub-giadc and also if it would have been able 
to bring about the fcatuic No. i. 

I think that in this respect the gauge of the metal adopted deserves 
due consideration and hence I am of opinion that a mixed aggregate 
made up ofsi^cs ranging say from r I in to ej in and placed in the oidci 
of these different sizes, tlie biggest aggregate foi ming the lowest layer, 
would have proved more suitaTalc for the pui pose. 

The cement concrete layer of mix i: 3: 6 placed over the sub-grade 
will admittedly tend to minimise the surface unevenness of the sub-grade 
but it cannot go to radically cuic the defect of looseness of the sub-grade. 

Very steep grades mark-thc alignment of the road along the Bhor 
Ghat and it is taken for granted that the physical fcatuics of the country 
rendered them unavoidable. 

The steepness has necessitated special mcasuics to anchor the 
slab to prevent ciccping, Ijut it is to be obscivcd that the sub-giadc which 
consists of dry metal of 3 in. gauge has been left as it is without the pro- 
vision of the cross ictaining walls at suitable intervals. These would have 
kept the sub-grade m a well-packed compact condition on such preci- 
pitous slopes as i in 7.60. 

Rai Sahib S.K. Ghosh (Bihar) enquired if any truncated conical 
coloured blocks \vcie placed in the concrete to measure the wear and 
suggested the adoption of the same for futuic woiks in older to have a 
record of the ^vcar. 

' * 

Mr. G.B. Vaswaiii (Karachi) 1 have constiuctcd two roads. On 
one of the roads, I have put in insulated papci . 1 find aftei six years 

tliat there is not a single crack in the road, although the load leads to a 
railway shed, and wc have got very heavy traffic over the load. The 
reason for absence of cracks may be the introduction of the insulated 
paper. In the last session of the Congress, Mr. Walkci gave us a paper 
on thin slabs of concrete, in which he advocated the sub-grade to be 
bound with cement concrete. That gave better 1 esults. 

Another point is that the joints arc very small, quai ter of an inch 
or so. I introduced socony No. 6 mixed with sand and I find that gave 
better results, because it penetrates and at the same time mixes up with- 
out heating. It also gives better results to paint the pavements as well 
as the fillings with socony No. 6 mixed with sand. 

As regal ds expansion joints, there is some ti ouble, but my expe- 
rience is that if you lay cement concrete in alternate bays, there will be 
not much expansion of joints. 
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Mr. T. Loknatha Mudallar (Madras) cnquiicd if this iigid type of 
pavement viz cement concictc was laid on steel bridges on the_ load. He 
was of opinion that due to vibrations in steel bridges this rigid type of 
cement conci etc pai’cincnt would ctack. 

Mr J. Vesugar (Simla) cnquiicd if the reasons foi the ciacks aic 
being investigated. 

Mr. Maliabir Prasad (Cliaiiman).— On page 209, it is said that 
the surface vas loughcncd in older to pi ovidc a gup. I would like to 
know whctlici this has been found to be useful 111 piacticc. I would 
also like to know how the joints have behased. In U.l*., the tendency of 
some of the joints is to fall off, the icason probably being that the 
cambre docs not get joined piopcily Regarding dowels, I should 
like to have some infoi mation as to whether these dowels has c been 
of any help, especially as the'papei itself says that their omission has 
sofaihad no detrimental cfTcct to any gi cat extent. 

Mr. Garrod (Author) : — W'c arc very shoit of lolleis, and we have 
come to the conclusion that we would get beltei job by using the old face, 
ns we have got on this road a vciy good thickness of old metal. 

The question of steel budges was raised. As a matter of fact vve 
have nfli had to deal with any steehbridges. But 111 such a ease, I think, 
bitumen was the solution. Mr. Vesugar enquired whclhci the reasons 
for the cracks in the suif.Kc wcie being investigated Tins is being done, 
but I think It is too early to give any icsults These cracks, as they devc* 
lop, .arc being watched, and the icasons for them, ns fai ns possible, arc 
being obtained. I hope a note on that will be made available foi 
future use. 

The question ol roughening on steep giadcs w.rs raised by our Chali- 
man and it is indicated in the paper that the original conci etc was kept 
vcryiough This seems to have met the case so far. I might mention 
that Ghat poi lion IS not used by bullock-carts to a' gi cal c.\lcnt. It has 
railway facilities at tlic top, it Ii.is lailway facilities at the bottom. But 
when a bullock-cart docs attempt the ascent, it is usually given an c.xtra 
pair of bullocks 

On the question of dowels, it is, I think, .1 bit loo caily to have any 
icsults, whether they will have any dctciiornting cfTcct 01 not. This is 
anothci point which is being watched. 

Then the question came up of laying full 27 ft. width without any 
joint I might mention that the suggestion in the papei, of doing away with 
the longitudinal joint was on an embankment which for 8 months in the 
ycni stands diy and for the othci 4 months in many eases stands in a lake 
due to the monsoon I am not quite certain whether the two circumstances 
icfcricd to aic the same, and whcthei treatment would be sufTicicnt in the 
ease of a road with this cMrcmc dampness in monsoon. 

The question of wear of concrete was raised. I icgict to say that 
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we have no arrangement for recording this in Bombay. 'iVe will .look to 
that in future. That seems to be a veiy useful point. 

In regard to widening of the biidges, to give us a clear 20 ft. 
width, we have in very few cases had to extend the arch. We have 
cantilevered the parapet walls and also given a footpath. 

Chairman:— Mr. Garrod will be glad to reply to other questions by 
correspondence. 


CORRESPONDENCE. 

Reply of Mr. Garrod (Author) by correspondence. — 

Reply to Mr. J.T. Mehta, Bhavnagar. 

^Vith regard to the 6 in. of new metal below the 5 in. concrete slab, 
refeience may be made to my introduction of the paper. Rcscctioning of 
the old water bound surface could be done, but it is advisable to leave the 
old consolidated surface undisturbed, when no additional road metal is to 
be added. 

The uniform thickness of 5 in. of concrete \vas based on no theoreti- 
cal calculations. It was fixed in 1938 in conjunction with the Concrete 
Association of India. Our greatest enemy on a concrete i oad is a peace 
time vehicle, the 15 ton steam roller with 10 tons on the back axle. No 
military vehicle, not even a heavy tank, at present, in this country, .is 
likely to crack a concrete surface. 

Due to the extreme shortage of power rollers, as the result of requi- 
sitioning for M.E.S. and Government of India works, side widths were not 
always power rolled. The central joints have only opened out in a few 
places, in embankments principally in areas, which are very wet in the 
monsoon. Although kerbing and well consolidated side widths would 
tend to counteract hoiizontal movement, it would not prevent it comple- 
tely. A stronger resistance would be necessary. 

Reply to Mr. Mohamed FarhatuIIah, Hyderabad (Deccan). 

The 2 in. size metal might be regarded as small size soling, and as 
pointed out in the introduction was only used where foundl^tions were bad. 

The combined consolidation, in reconditioning and by the 'passage 
of traffic, should effect the appropriate interlocking. There has been no 
abnormal cracking, where the 3 in. metal was provided. 

The steep gradients of the Bhor Ghat cannot be circumvented, due 
to the topographical features of the country, c.xcepl at very great cost. 

The anchorage shown in plate 3 of the paper appear to have effecti- 
vely counteracted any tendency to “creeping” on the steep slope of the 
Bhor Ghat. Experience up to the present does not indicate the necessity 
of additional measures. The base in this case was reconditioned with 
3 in. thickness of metal of li in. size. 

Reply to Mr. K. S. Raghavacliary ; — 

Pat a (i), — Reference may be made to page 204, para “Concreting” 
of the Paper. 
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Paper K— 43 — Disqessiok. 


Para ( 2 ), (.j), (■/) The uniform thickness of 5 in. was decided upon 
m conjunction with the Concrete Association of India in 1938, and was 
not based on any theoretical calculations. 


PHra (j) If the joints arc fflled properly, bumping will not be 
The modern pmcticc is «^dmittedly to provide an expansion 
joint at cvciy 100 ft. only and leave construction joints at 30 ft. or 35 ft. 


Pam (G). — Superelevation was based on the formula 

E=O.G‘] I - —R, limited to r in la^ as a greater side slope would 
be dangerous to animal-drawn vehicles, 
wheie £ = elevation in feet pei foot width. 
r'= velocity in miles per hour. 

/?=mean radius in feet 


AXCniAiCniiliA 


lAtiegaoi sccot^lag Co BetaouilUs lemncscaCc. 


IVidcning on cun’cs was earned out to the formula — 


W= } . 

Where n'=cxtia width 

J?= radius in feet to outei fiont wheel 
1= wheel base (16 ft.) 
r= velocity in miles per hour. 


Anticlines wete icduccd under the formula found in “Principles of Highway 
Engineering” by Milcy — Page 389 


Where L=Minimum length of vettical cuivc in stations. 

* •= Sight distance {500 ft.). 

0 =Total change of grade in pet cent. 

/i = Vcitical height in feet of line of site above roadway. 


Para ( 7 ) and ( 5 ). — The actual mix loaded into the mixers at the start 
of the work was 1.2 ’4. Subsequently the proportion of sand and 
small metal Wtas increased and that of large metal decreased as it gave a 
better density. The excess quandtics of mttal and sand shoivn in the rate 
abstiacts were due to wastage between quatrj’ and mixer, including stack- 
ing at load side The eventual mix approitimated to i:2i'3* 

Para (U ). — ^Theoretically this was nil, but actually any thickness 
underlain was filled with the 1.2.4 concrete The current rates for 
1:3.6 concrete and 6 in water bound macadam arc Rs. 75/‘ por coo 
cubic feet and Rs 10/- pci 100 square feet respectively. 

Para {10 ). — The special anchorages are only at the lower ends of 
the slabs. 


FUNDAMENTALS OF SOIL MECHANICS 


BY 

F.D.L. Woollerion, P.W.D., Burma. 

INTRODUCTION 

The author 1ms bcon actively interested in what is now known as 
Soil Mechanics for the last fourteen years and obtained his first practical 
experience in 19S8-2!I when he assisted in some research work on the 
hearing, cohesion and shear values of clay soils. Those test results, 
though they can now only be conaidoicd as having been useful for 
comparison, served to accentuate the feeling that very little was known 
about the soil upon which foundations wore laid and, incidentally, that 
there was considerable difficulty in interpreting such results. Tliough 
retainuig walls were being designed on the basis of Rankine’s formulas, it 
was obvious, from n knowledge of cohesion alone, that the results 
represented values far from the truth, though these values woie perhaps 
true for cohesionless soils under ccitain conditions. During testing it 
was clear that the test area and moisture content exercised a considerable 
influence over the values obtained and that the interpretation of safe 
bearing values from the curves of load-sinkagc was of considerable 
difficulty Perhaps more than any other fact, the question of the nature of 
the soil structure was scon to bo of considerable importance Working on 
a London Blue Clay, it was found that the structure might vary, on any 
one restricted site, from a flakc*likc form (almost puddled), through 
totrahedra (gley and nutty) to thick laminations, with consequent 
variations in the ultimate bearing value as determined by the apparatus 
available. Another point which arose during those icsis was the varying 
effect of wotcr on structural elements when their initial moisture content 
was permitted to vary. 

A review of the knowledge available to the foundation engineer at 
that time was of further interest. Though heavy structures had been 
successfully built in the past, yet it was only durmg the lifetime of many 
of us that the Rankinc formula) (1860) for cohesionless soils had appeared. 
Paradoxical as it might seem, though neglecting cohesion, these formulto, 
give values apparently on the safe side, yet since their introduction, there 
have been a considerable number of foundation failures. Examination 
of the many formula) then in use, showed their similarity in theory but 
their widely conflicting results. 

Since Rankine’s time, Re'sal (1910) and Langtry Boll (1916) 
enunciated theories taking cohesion into account. These appeared to 
represent a considerable advance though perhaps now, in the light of 
experience and the study of soil by more advanced iirinciples, these 
formula) would require some fuither revision and amplifleation. Possibly 
on account of the Great War. biitinoic likely because of a premonition 
of the following, Langtry Bell’s formula) wore never in general use and 
neither was his research worlt continued. 
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In Amcricn, tbo limitations of the Eankme typo of formula! \rerc 
recognized long ago and these forranlie irerc largely icplaced by cmpiiical 
formula!, based on experience, whilst the limitations ivero oxaramed. 
This research, stimulated by the modem public demand for increased road 
milage, involving the oonsti notion of low cost roads, gave rise to a moic 
fundamental examination of soils. 

By 192G, a considerable amount of work had been done in America, in 
an attempt to classify soils for the engineer, ns it was hoped by this classifica- 
tion that it would ho possible to deduce the ongmooring properties of a soil 
from its Imown positioninthoolassificntion table The properties studied were 
the chemical and mechanical analyses, colloidal content, moisture content 
and the voids ratio. Cliarles Torzttghi“, to whom engineers owe so much, 
discussed the results of these investigations, during 1927, in "The Science 
of Foundations, its Present and Future” and those results v ere definitely 
disappointing owing to their conflicting nature and the o.vccssivc costs and 
time then involved. He, liowcver, recommended their substitution by 
the three .simply performed tests of voliimo ohango, permeability and 
cohesion which, to some extent, are dependent upon sucli properties. Foi 
a time those and similar tests pievailcd but tlicie was stiH a strong feeling 
lliat Ihe-so tests could not supply a full understanding of the propet tics 
of the soil. As more infoimation was oollcotod, especially m otliCT parts 
of the woild and for soils belonging to widely differing Agricultural Groups, 
this feeling grew. Rond soils carefully olnssificd and subgradcs carcfnllj 
designed did not invariably give the anticipated results There 
and fiinlvO<v of slabs and— an important point--, even records 
being rni.scd above the construction level. Many 
and few in the West have met with instances which 
«ael«d for the verx' icnson of thoir lightness. Buildings of medium 

w?iSit^dMigncd in aoeordimco with the most up-to-date information, as 

explain tlioso parndo.xe3 and again research went fundamental. 

Workine rflk U.C kind to 

Agricultuic, Burma, the author, in 19 ' , colloids content and voids 

mldition to the chemical and movement might even 

ratio, the properties of hose Envinccr Since then the outhor has 

be of greater importonce ®”Scs aro closely related, as it is 

come to the conclusion that „ ^ary, imdcr suitable 

believed, the percentage of SmTcontcS. On the other 

conditions, during the vaiv with the nature of the clay 

So^orToS. "Sva^L mJy also be dependent upon these 

properties. . r j + 


Q. TBchobotoroir. 1930. 

Foundotiona Eng., Vol I., Uorvaxu, 
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differently. The moistare movemonta may be changed and, apart from 
the direct results of this, the soil complex may be altered by base exchange 
with a corresponding change in the engineeiiiig properties of permeability, 
elasticity, cohesion and swelling. 

Further, experieneco has led to the belief that the fundamentally 
important property of the soil is the nature of the clay mineral. If the clay 
mineral or the mixtuic of minerals could bo easily deteimincd for the 
foundation soil, as now appears possible, itisbelieved that the determination 
of the engineering pioperties would be greatly simplified once the 
properties of these clay minerals have been classified. 

The inference fiom the above is that the knowledge of the Agricultural 
(or Soil) chemist and physicist is of the utmost value to the Soil 
Engineer and it is in an endeavour to promote an interest in the work of 
such specialists that this and othci publications have been written. 
If engmeering publications on soil pioblcms or even the more recent 
results of Agricultuial or Pedological research woie readily available for 
reference by the Engineering student, this paper would be unnecessary, but 
unfortunatdy for the Foundation Engineer this is not the case. Even in 
Soil Science, which may be taken to have started during the time of Way 
(J. T., 1850 — 55), comparatively little is yet definitely known about soil 
and hence much contained herein must be considered to represent modern- 
viewa — in some instances hotly contested — rather than established facts to 
be set forth with inathcmatioal precision. 
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PART 1— THE SOIL 

CHAPTEa I 

THE SOIL AND ITS OLASSIPICATION. 


The Soil. 

The soil upon wliicli ihe ongineei wishes to found his stiucturo, 
whether a road or a building, may, for engineering ]^rposes, be 
divided into primnrif, secondary or tertiary sods, all of which have their 
rathor special physical and mechanical properties'* . 

Piiniary soils may he defined as those formed ‘in situ by the 
direct disintegration and decomposition of the parent rock material. 
The term parent rook material is used in its broadcast sense and may 
mean such primary lOcks as limestone, granite, basalt or chalk,, or may 
even refer to such secondary parent rook as sand, clay or boulders 
conveyed some distance from their source by irind, water or glacier action 

Secondary soils m&y be defined as primary soils which havejieen 
subject to some definite and prolonged weathering action which has 
changed the characteristics of the primary soil. 

Tetliaru soils may ho defined as those which, due to changes 
in tho physical or olimatio conditions causing the 
to bo altered, are oharacterized by 

the properties of both the former and ounent Us 

a more or less pionounccd form. In group may be inoMed sods 
wliioh are subject, during the same geological period, to two d 
and entmely different weathering processes. 

In each crouD tho soil mateiial consists, in general, of fragments of the 
origindparent material, semi and fully decomposed P"^ 
matter, micro flora, micro-fauna, air and water The sm^ter 
of the parent lock appear as quaite or mineral ^ C 

of which are the feldspais. 'ikSTi^ 

Bemmlin (1877-1904) has show^ that these sdicates w 

by weathering may he ^ L smcatl B Silicate A is 

the seat of chemical and physical phenomena. 

Organic matter «nd “ioro-organisms are m ^conjunc^^^^^^ 

ITSoSta type «id lb» =1*^ 

properties 

S.“ "w '» tb, 
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Agricultwal CTassification^ 

The agricultural clnsaification of Boila is based on the nature of 
the soil profile, -wiiicli is an exposed vertical face from the surface 
down to tho unaltered parent material. From this the details of 
colour, structure, compactness, porosity, chemical and mechanical analyses 
are collected for the different layers, or horizons, domi the face of 
profile. These, with a luiowlcdgo of tho climate and vegetation, give 
tho nature of the weathering process and, together, enable the soil to 
be classified under known group names. 

In the agricultural woild, there is still a certain amount of 
confusion in the Glassification of soils^. 

Tlio earliest system was to give to tho various Icnown soil types 
such ^ local names as rmdzinaz, podsols, cha nozems, tserozems saline, 
alkaline soils, etc., and to endeavour to classify any new soil amongst 
tlioso known groups whoso properties were, more or less, understood. 

Jlorc recently these groups have been divided into two main 
classes, i.e., those whose character is still controlled by tho parent rock 
material and those whoso character is given by the nature of the 
current weathering process. 

As uill readily bo seen, this system has tho inherent defect that 
it does not permit of tho classification of a now t3'po of soil whoso 
few knoAvn properties differ from those of tlio known types. If u now 
soil could bo completely surveyed and analysed in a few days or even 
in a few yoais and if money were available for this, then classification 
would he easy. 

This criticism applies particularly to soils of tho tropics and sub- 
tropics which have not been properly surveyed and whoso known 
properties do not fit in with those of known types. Such bettor known 
soils as the vhi of South Africa, the cotton soils of tho Sudan and 
the Black-cotton or lo'gur of Gcntial India and Hyderabad have been 
rather temporarily olassified as Ground Water Soils {tdei) and Chernozems 
(cotton soils) by some, but this arrangement is not by any moans 
generally approved. 

There are many other classification systoms based on such factors 
as weathering, rainfall and climate. One of tho more recent methods 
is founded on a peculiarity which appears to enable classification to 
bo divided into two main groups whoso profiles do or do not show 
a calcium carbonate conoiotionary horizon or horizons. This has the 
advantage that tho known groups may be classified under one of two 
main headings and any now groups may be added under local or 
generally approved names, This system has tho further advantage that 
it can bo subdivided into groups depending on either tho presence or 
aliscncc of acid humus and of soluble sails or even on climatio conditions if 
desired. 

Herd again the system seems to have its limitations especially 
regarding the olassifiootion of some fcropicol or sub- tropical soils which 
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are the result of two distinot weathering processes active during the 
same geological period 

A brief description of the mam geological soil groups follows 
1. Primary Soils 

(a) Rendzinab — ^Formed by direct weathering of the parent rock 
chalk Colour varies between brown and black or grey (where chalk 
still predominates) gradually changing, down the profile to that of the 
parent rock. Frequent fragments of challc arc found throughout the 
profile. Structure changes from granular*, at the surface, to nutty 
with depth. The soil contains free calcium carbonate and is completely 
saturated with rcplacoablo bases Reaction is alkaline Clay fraction 
IS highly siliceous 

Sub-Gioups . — 

Limestone r&ndzinas with similar characteristics. Limestone Red 
or Broivn, or Terra Rosa — Soils. Less siliceous than rendzinas and 
said to contain fice scxquioxidis, i e. mobile oxides of the trivalcnt 
metals of iron and aluminium Hence less exchangeable bases with 
the possibility of an acid reaction The structure ohangC's fiom granular 
to fine nutty. 

(b) Slelelnl Soils. — Coarse primary, or young, soils such as desert 
sands whose weathering is slow duo to climatic conditions; or other 
soils such as alluvial olay in the early stages of weatheiing and still 
bearmg the characteristics of the parent alluvium. 

(c) Saline Soils. — A usually structureless flocculated soil rich in 
free sodium salts, which are very mobile and whose concentration 
varies throughout the year. Usually found in and regions and have 
been given the name of Solonchaks. They are often cbaiacterised by a 
superficial layer of sodium chloride or sulphate during the dry season due 
to deposition from an upu aid movement of moisture conveying these 
salts in solution. It is sometimes asserted that these soils must be 
accompanied by a water table close to the surface, but the present study 
of moisture movements in soils throws some doubt on this necessity. It 
would appear that a soil may be saturated without the presence of a near 
water table and that movement of salts may take place from this layer 
of saturation; the saturation being due more to the compactness and high 
density of the soil and the absence of oir than to excess of water These 
soils are chiefly characterised by weathormg due to an upward movement 
of soil solution, an occurrence in and rcgioiis subject to tropical rainfall 
of short duration and high intensity resulting in httle percolation. Their 
reaction is neutral or slightly alkaline depending upon the amount of 
weathermg. 

(d) Tropical Red Earths of the Humid Zones. — ^Extensively found in 
Savannah country with a yearly rainfall of 50 to 100 mclies and an 
average yearly temperature of about 70 degrees Fahrenheit With a parent 
limestone rock, they resemble the Terra Rosa and arc often completely 


*I'or Soil structuie claseiflcatlon eoo QR. CHarko’s "The Study of tbo Soil 
m tbo Field’*, 1938, Oxford. 
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void of lime This t 5 'po is sometimes referred to ns a latcritie soil 
hut often such soils contain very little iron oxide and could not form 
laterito even if tlie ivcathering process were favourable. The lajmrs are 
often of great dejith due to the ease with which limestone is weathered 
in tropical climates and they arc sometimes found overlying n ji'cllow or 
a yellow mottled layer. More generally speaking, there is somclimc.s 
found within the red layer a thin one of more reddish earth, marking the 
limit of air oirculation and weathering. 


Some of tlie red soils are friable and some non-frmble. The crumbly 
characteristic of the former is sometiracs accredited to the presonec of 
organic matter and sometimes to the sesquioxido character of the .soil ns 
opposed to the siliceous nature of the plastic loams. Both, however, are 
evidence of the same type of weathering. The soil reaction is neutral or 
slightly acid. Red earths may be formed fiom a number of rocks, such 
as gneiss, serpentino and limestone. Thoir chemical charnotcristie is Iho 
oomplele removal of bases and, under favourable condition.s, of .silica as 
well, producing, if snfl&cient iron be present, a latcritie soil. The colour 
is due to the presence of iron, titanium or monganesc. 


Sub-Groups.— Bright Red; Variegatod White, Buff, Yellow or Pink- 
Variegated, mainly Yellow, sometimes Orange Red, Reddish Bioivn or 
^Jac; Lilac or Lavender when dry, and Purple when moist; Brown; 
White or Buff; Blue-grey; Violet Bed or Dark Piirplo Clays of n ‘•iinllor 
nature are found on different rock formations. 

2. Secondary Soils\ 


soils of humid climates occurring 
under heath or coniferous forest land. The parent material mav Im 
anj thing supporting the growth of a peaty type of vccotilion nnr? tlm 

Sp ^ It is this percolation, ratlicr tlm 

solution "Thi-f ^ i” humus, which producas the strong lenohiiiir 

second layer is darkened bv Hip i ^ instances the 

by an aLmuiSorof tJio^^ « underlain 

no accumulation of humus in m otUeis theic is 

ferric oxide forming an iron nan Thniv accumulation of 

rock. ng an iron pan. The third layer constitiitG.s tlio parent 

movement of inSuro^Tnd^LSw location are a downward 

layer *0 develop a, porh^Js" luinnis 

which will not maintain the base status of ihoS^ humus of a typo 

profflo dppeS ioSy''npm'tl'ioso 0 ? of tip 
thoy OPPMT to bo of ’ "'■“Mial tli0B»h 

tooraloontion. TJw «s?U of iho toraS Z™ ° 

■= *0 -00 a do^aoo to 
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in the second or at the top of the third layer depending upon the rainfall 
and the degree of pod^oheatian. Thoie is a tendenny towaids a laminar 
structure in the bleached section of the top layer. The lower layer of 
humus accumulation is occasionally nutty. 

Sub-Groups ; — 

Blown Forest Soils. — ^Developed under desiduous forest; resemble 
podsols in their free drainage, granular or aggregated granular structure 
ohanging with depth to oloddj', and in the high leaching which occurs, 
down to the parent rook In these soils the leaohing refers to the caibonates 
The scsqinotides are raobihsed but not translocated and it is the 
presence of free hydrated ferric oxide which gives the soil its charactoiislic 
colour. The soil reaction is only mildly acidic and the base status has 
not been unduly impoverished, 

Piamc Soils. — Similar to the Broun Soils and are only formed under 
Steppe conditions Soluble salts, m addition to the carbonates, are 
leached from tlie second layer. The upper layer is iich in humus and 
consequently dark in colour; the middle layer is brownish and the parent 
matciial usually greyish The material is porous and tho stnioture is 
often granular and laminated. The moisture decreases with depth. 

(b) Chernozems. — ^Rainfall 16 to 25 inches. These soils are usually rich 
in humus due to the resistant form this humus type takes and hence tho 
soil is often very dark in colour, though yellow and buff chernozems are 
said to be known. Owing to their development in arid or semi-arid 
regions, leaching is incomplete and horizons of calcium carbonate are 
deposited. The soils are base-saturated and show complete leaching of 
soluble salts and incomplete leaching of calcium carbonate and sulphate. 
There is no leaohing of the sesquioxides or of silica. The carbonate is 
mainly deposited at tho bottom of the humic layer and there is 
occasionally a second layer of concretions at a depth of some fifteen feet. 
These soils arc fairly porous and the upper layer has the chniacteristic 
granular structuic. With depth, the structure changes to nutty. The 
reaction is neutral or slightly acid. The paicnt rock is usually of a loess 
nature but limestone chernozems arc also linown. 

Sub-Groups : — 

Chestnut Soils. — Similar to chernozems but not so fully developed 
because of lower proportions of humic matter. Brown and Grey Semi- 
Desert Soils. Less developed than Chestnut Soils. 

Red and Grey Desert Soils. — ^Porous and eroded soils classified as 
of the chernozems group on account of tho prcbcnoe of layers or crusts of 
calcium carbonate and/or sulphate (gypsum). Bainfall from 12 to 16 
inches, weathenng chiefly jibysical due to complete absence of humus 
and biological weathering and to scanty rainfall. Tho first layer is 
inclined to be laminated and tho second may be honeycombed. 

(o) Alkaline Soils or Soloneiz — ^Derived from the -n'eathering of 
saline soils during which the sodium salts are removed and sodium takes 
the place of calcium etc. in tho clay complex, by base exchange, leaving a 
highly dispersed sodium clay. A characteristic feature of this soil is that 
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it contains mobile sodium bi-carbonate left after the leaching out of 
sodium chloride and sulphate ^vhich caiiscs the sodium-calcium or calcium- 
sodium clay to deflocculato giving a highly impervious layer. It is thus a 
very compact soil when moist or wet. When wet the soil is structureless 
but on drying developes its characteristic structure of a slightly foliated 
upper layer of a few inches in depth overlying a series of vertical columns, 
with rounded tops, up to three inches in diameter and four or more 
inches high. The lower layers are nutty. The rounded column tops are 
often coated with a fine layer of salts. Normally the lower nuts are 
extremely hard but in the younger soils, should the layer be exposed 
whilst the very considerable contraction forces are at work, then these 
nuts have a tendency to disintegrate and can be easily broken down to 
dust. The soil then is highly porous, loose and strcngthless and it is in 
this condition that the soil is most easily eroded. Under normal conditions 
the nut formation, on wetting, returns to the structureless condition. 
Below the second layer occurs a region of deposition, first that of calcium 
carbonate, then calcium sulphate and below these the sodium salts. 
The soil reaction is alkalme. 

(d) T7opical and Sub-Tropical Brown Yellow and Grey Soils of Arid 
Climates, which caniwt yet be classified under known groups. — Due to the 
absence of the chief weathering agent (ram) these soils are usually of a 
sandy nature unless they were originally formed as alluvial. They are 
often of very considerable depth and of a saline nature with a neutral or 
slightly alkaline reaction. If the salts are completely removed by leaching, 
the soil becomes strongly alkaline. In then simple form horizons of iron 
and manganese compounds are formed near the surface. In the grey and 
brown soils, weak hoiizon-s of calcium carbonate and gypsum are 
Bomctime.s found just below the surface. 

3. Teritiary Soils^ 

(a) Laterite. — In addition to the secondary laterites of the humid 
zones, tertiary laterites are formed in the intermittently humid zones. 
Due to the action of the two weathering processes of a ■weak downward 
movement of moisture carr^ung the sesquioxides and a stronger movement 
of sesquioxides in an upward direction during the dry season, an accumula- 
tion of laterite is formed near the surface. 

(b) Sub-tropical Ydloio Saline and Alkaline Soils of a tertiary nature 
are sometimes found in alluvial soils in which a layer of lime concretions, of 
a pisolithic nature, is found near the surface, a layer of massive concretions 
at a depth of about three feet, a layer of limonite and manganese 
encrusted pisolite at a depth of about eight feet and a further layer of 
massive calcium carbonate at a depth of about twelve feet. A more 
intimate description of such soils is, at present, impossible. 

(c) Degrad^ Chernozems. — Represented by forest soils considered to 
have been formerly steppe land. The carbonate horizon is lowered and 
the structure destroyed, though nutty structure is sometimes found Slight 
eluviation occurs and the sesquioxides are mobilised and deposited above 
the carbonate horizon. The typical bleaching found in the top layer of 
the podsols is noticed. 

(d) Black Cotton Soils. — ^There are many soils classified as Black 
Cotton but which widely differ. Their common characteristics appear 
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to be extreme stickineRt when wet, a high poefBcient of shiinkage, high 
exchnngealile calcium and the typical chernozem caiboiiatc horizon*.. 
Iron poneretion'i ni e sometime** found Here the similarities appeal to 
cease. Whereas m India the Black Cotton soil is thought to bo formed 
from a basalt roek, the Black Cotton Soils of Burma arc formed over 
alluvial beds ; whereas tlic former arc highly argillaceous, the latter ai e 
inclined to be siliceous and alh aline or saline Attention is drawn to the 
possible impoitanee of exebangeable magnesium in the Biiiina Black 
Cotton Soils 

(e) Qiound Water Soils. — Similai to the podsoh, but the presence 
of a lower layer of watei -logged soil near to the surface has a marked 
influence on the profllo. This water-logged layer may be due to the 
formation of aeeuinulation layeis with subsequent impcdencc and henee 
not an original characteristic of the profile and weathciing piocess. Its 
presence leads to the formation of a glev hot izon consisting of trmngulai 
prisms of soil with pale- blue, yellow and green stioaks, duo to alternate 
oxidation and reduction, w'lth changes in the water level Otherwise 
these soils are structureless. In the glcy horizon bog-iron is sometimes 
found and the soil is ver}’ often rich in clay. 

(f) Soloda, 01 Degiaded allahnc Eatlha ate formed by pioloiigcd 
leaching of iolonetz in which a pi oees-. of pod'<ohtalion takes place In 
non-caleium soils the upiier layei changes Itoni black to grey and the 
low er portion of that laj'cr changes to the bleached white of the extremely 
leached soils show ing the presence of silica Here the stiuctuic is nutty. 
The soil then changes in colour to brown with a pi isniatic Btiuctiu‘c 
and shows a weak columnar or triangiihii columnar stiuctnic Below 
this occurs the deposits of calcium caibonato and iron undcilain with 
gypsum. These soils arc more poious than the aolonetz. 

In the pi escnce of suflicient calcium carbonate, the soil rctuins to 
the granular calcium soil and thcie is no dcgiadation. 

The soil reaction varies from acid near the snriace to alkaline 
with depth, 

Gonclvstona — When viewed from the agncultuial aspect, the soil 
becomes a verj’ different .substance from the homogeneous cohcsionlcss 
or cohesive materials on which the Rankine or Langtry Bell formulae 
were based, and the inference is that there are factors, other than friction 
and cohesion, to be considered 

Engineering Classification. 

As the engineering properties, of the various agricultural soil groups 
had not been fully studied and comparatively little information, in a 
‘useful’ form, was available, the engineer W’as forced to develop a 
classification system of his own. It is, how’ever interesting to add that at 
the present time there is a pow'crful movement agitating for the adoption 
of up-to-dato agricultural classification owing to the recent advances in 
soil studies and to the vast amount of information now accumulated by 
the soil chemist and physicist - The author is in sympathy with this 
movement which he has recommended in various publications.!-* 
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A. Atterl»er{?, in 1911, suggested a series of empirical tests, which 
in then modern form arc known as the Simplified Soil Tests, for deter- 
mining two soil piopcrtifh of gieat mipoitancc to the engineer, i.c., 
jilastieity and slninlcage. In 1912, ho was further responsible tor suggest- 
ing vaiious limits for the fi actions determined by mechanical analysis for 
seiiaratmg a soil into its component paits, clay, silt, fine sand, coarse 
sand and gravel. This system became the British and Intel national 
agricultural classification system. A development of Atterberg’s system 
has given the present one of the American Bureau of Public Roads. 
Mechanical analysis enables the soil samples to be given a descriptive 
name such us sand, sandy loam, loam, silly loam, sandy clay loam, silty 
clay loam, sandy clay, clay and silty clay. It has been found that an 
expel t sampler cun almost invariably mechanically clas'sify a sample 
by feeling it. 

These two series of experiments aie the foundation for the engineering 
classification of soils. Together they give a basih for the- comimrative 
classification of soils Mitli an estimate of the stiength, settlement, 
shrinkage and such other jiropcitics as arc of interest to the engineer. 

It will be noticed that the above olassification is a comparative one 
only. To obtain absolute results, if desired, further tests arc necessary 
and such tests as those for permeability and strength have been evolved 
and perfected by Torzoglii and Ca'^ugrandc. Further, it will be noted that 
this system gives, for homogeneous soils, a very good idea of the structure 
and permeability of any particular sample, but unlilco the agricultural 
group system, it does not convoy any idea of the soil profile or of the 
nature of the weathering procchs and very little of the very important 
chemical properties, especially the nature of the soil colloids and the 
way in which shrinkage occurs. All these exceptions may be of consider- 
able importance. 


On the other hand the mechanical fractional s 3 'stcni of the Bui can 
of Public Roads has been chosen with coiisidorable care as it soparates the 
soil fractions into those which have distinct mechanical properties and has 
thus an advantage ovci any agricultural s^'stem, in that it suggests at once 
certain engineering properties, such as frictional and i-ohcsivo strength 
of the particular samples tested and, if the profile be uniform, the corres- 
jionding properties ol' the site. 


The limits for the various fractions, as determined by mechanical 
analysis, arc given by the American Bureau of Public Roads as : — 


Course sand 
Fine .sand 
Silt 
Clay 

Colloidal Cla\' 


Diameter in 
millimeters. 

2.0— 0.26 or 0.42 
0.26 oi 0.42—0.05 
0.05— 0.005 
under 0.005 
under 0.001 


NOTE — The 0.42 limit for the fine sand, corresponding to the No. 40 
sieve, is usualty adopted when the simijlifiwl tests results are 
alfio required. 
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The descriptive classification follows the follo^^ ing proportion^ . — 


Sand 

Sandy loam 
Loam 
Silty lonm 
Sandy clay loam 
Claj’ loam 
Silty clay loam 
Sandv clnv 
Clay' 

Siltj’ claj 


Sand per 

Silt pci 

Clay per 

cent. 

cent 

cent 

80 

100 

0 - 20 

0 ■ 20 

50 

80 

0 - 50 

0 - 20 

30 

30 

30 - 60 

0 - 20 

0 

50 

50 -100 

0 - 20 

50 

80 

0* 30 

20 - 30 

20 

50 

20 - 50 

20 - 30 

0 

30 

50 - 80 

20 - 30 

55 

■ 70 

0 - 15 

.30 - 45 

0 ■ 

> 55 

0 - 55 

30 -100 

0 ■ 

■ 15 

.>5 - 70 

30 ■ 45 


The engineering propeitic" ."nggested by the various soil fractions 
are • — 


Coarse sand 


Fine sand 


Silt 


Clay 


Colloids (better 
described as 'that 
fraction of the clay 
with certain definite 
colloidal piopcrtics). 


Friction, supplj-ing stnictiiial strength ; 
looseners, giving permeability but no capillarit 3 ' ; 
non-absorptivcnesB ; no cohesion , no plasticity, 
no colloidal properties , open structure ; 
chemical}}' inert. 

Supplier a bedding for the coar-cr material ; no 
appreciable cohesion or capillarity; no plasticity, 
closer packing than coarse sand ; addition of 
a little clay or humus produces cohesion 

No friction ; considerable coarse capillarity ; 
little or no cohesion, the little being of a 
temporary nature ; acts as a filler between the 
coarser material ; tbc little cohesion, due to the 
contraction of the minute water films on drying, 
enables very close packing which retards 
movement of nioistuic and air; can absorb small 
quantities of moisture and may be slightly 
chemically active and colloidal , shrinkage 
properties, especially if humus is present ; no 
appreciable plasticity. 

No friction ; considerable cohesion duo to intor- 
molccular forces and molecular moisture films ; 
plasticity, may have considerable fine capillarity; 
chemically active , said to bo crystalline with a 
definite crystalline structuie , shrinkage 
properties ; comprcssibihty. 

No friction ; impermeable ; plasticity ; cohesion , 
shruikage and other colloidal properties ; 
compicssibihty if peptized in presence 
of sodium bi'C.irhonatc ; elasticity if fioccnlatcd 
by calcium bi-carbonale ; colloidal properties 
more pronounced than tho*e of the clay 
fraction. 
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Tho otlipi' Attcrberg Tests ai e foi the determination of the Liquid 
Limit, the Plastic Limit, the Plasticity Index and the Shrinkage Limit. 
These tests, -nith otiicrs to be described later, arc sometimes known as 
tho Consistency Tests. They aie usually performed on tho material passing 
the 40 mesh sieve and, unless otheiwiso stated, aie x>crccntages based 
on the dry weight of the sample i. o., when dried to a constant weight 
at 105-110 degrees centrigrade. Their values will alter, sometimes con- 
siderably, with any variation in the nature and amount of tho exchange- 
able cations absorbed on tlie surface of the colloidal paiticlo. 

The liquid limit, is the moisture content of a previously dried and 
powdered sample which, when placed in a dish about four inches in 
diametei and divided into tivo equal sections by a grooving tool, will, on 
being given a certain number of taxis, bo just fluid enough for tho gap, 
caused by the grooving tool, to close up after the stated and exact number 
of blows. The sample is supposed to bo just mobile enough to eliminate 
all cohesion between tho particles and to be held together by a small 
but finite amount of friction which is sensibly constant for each test. It 
IS thus held to represent an emiiirical measure of the capillary capacity '’■s 
of thf manipulated saniiilo. It also represents, with fair accuraoj', the 
moisture content of tho original sediment if the soil w'as foi med that way 

The plastic limit, is, the minimum moisture content of a sample of 
a previously pulverised dried soil at wnich it can be i oiled, by the palm of 
the hand, into .strips 1/8 inch diameter without tho strips breaking. 
Tho plastic limit of such a remoulded sample has a number of significances. 
Tho one wliich is made use of for tho purpose of classification is that it 
IS held to represent the moisture content at wdiich the xinrticlcs n'llJ slide 
over each other under a practically constant force, w'hilst at tho some 
time, the .sample possesses consideiablo eohesion. It will be noted that 
tho sample is a disturbed one and is subjected to considerable 
manipulation. Below’ the plastic limit, tho physical properties of tho 
remaining moisture arc no longer those of free w'ater. The supporting pow’cr 
of the soil has been xiroved to decrease rapidly as the moisture content 
increases beyond the plastic limit. 

The Plasticity Index is defined as the difference bctw'een the Liquid 
Limit and tho Plastic Limit and licnco rcxiresents the amount of moisture 
neces.'^aty to destroy tho cohesion represented by tho plastic limit. It 
is thus considered to leprcsent an empirical measure, for comxiarison 
purposes only, of tho cohesion and the range of moisture content over 
w’hich the soil is plastic. In practice tho amount of cohc.sion lequircd 
is limited by tho accompanying plastic range. 

The Shrinkage Limit, is, tho moisture content below Avhioh any 
decrease in ' moisture may be accompanied by decrease in w’cigbt but 
no decrease in volume. The shrinkage limit test differs from those for 
the liquid limit and tho plastic limit in that it can bo performed either on 
an undisturbed sample, or a remoulded one prepared from tho same 
material as tho'^e for the Liquid limit and plastic limit tests. The shrinkage 
limit lor ail undisturbed samplo uxipcars to bo somewhat higher than that 
determmed for a remoulded samplo. This is axixiarently duo to tho greater 
resistance to comxncssion afforded by the soil structure of the undisturbed 
sample. Tho difference between tho two shrinkage limits 



224 


Paper L — 1943 


IS, in a way, a measure of that structure The test lesults enable 
a differentiation to be made between expansive and non-cxpansive 
soils and represent an empirical measure oi the combined effect of 
cohesion and resistance to consolidation 

The detcimmation of the above values, i e , mechanical analysis, 
the liquid limit, the ‘plastic limit and the tJinnkage limit foi a very 
large number of soil samples' has enabled American investigators to 
compile a classification table, and coirelation curves, for tho grading of 
soils into seven groups. Determmation of the Simplified Test values for a 
given soil enables that soil to be classified in one of these groups Its 
general and relative properties are then knonn and, if the .foundation 
bo for a road slab, the necessary foundation treatment, if any, before 
the slab is laid, can be determmed. 

Sioad construction has foitunatdy, by its extensiveness, supplied 
such a vast number of results that the olassificalion tables may be 
used with a considerable degree of confidence. Unfortunately, rvith 
buildings this is not so much tho case The number of results derived 
tiom the study of their foundation soils is obviously veiy much smaller 
and, to date, no such simple method of classification cum properties 
has been found Generally, in their case, other and mol's definite tests 
are necessary, though a certain amount of information is undoubtedly 
available from,the classification tables 

By way of check on the above discussed classification, based on 
the Simplified Tests, a further series of empirical tests has been dev ised. 
Amongst these are the determination of tho following . — 

(a) The Field Mointure Equivalent, or the minimum moistuie content 
at which a diop of water placed on a smooth surface of the soil 
sample wdl not be immediately absorbed but will spread over the 
surface giving a shiny appearance It gives the moisture content at 
which the expansive piopeitics of the surface layers aie satisfied. It 
docs not, in the test, apply to the lower layers of many samples as 
certain jihysical and chemical actions may take place to prevent this 
It gives for cohcsionlcss soils tho moisture leprcsented by imliibitional 
moisture, fine and coarse capillaiy moistme The field moisture equivalent 
represents the combined effect of capillarity and cohesion 8 and gives a 
fan idea of the amount of water a disturbed soil ‘in situ’ will fieely 
absorb Hence the difference between the F M E. and theSL is an 
indication of tlie relative shrinkage of soils under field conditions. 

(b) The Centrifuge Moisture Content, or the moisture content 
retained aftei a sample has been drauied and subjected to ,a 
centrifugal force of one thousand times the gravity, for one hour. 
With peimeablc soils all the free water is expelled but with impermeable 
soils, part of the water is retained on the top surface producing 
water-logging. It thus differentiates a permeable soil from an impermeable 
one when the soil is subjected to a centrifugal force of approximately 
two tons per square foot 8 The results are held to indicate tho combined 
effect of (fine) capillarity, compressibility and permeability 8. 
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(c) The Volume Chfinge, or, the change in volume cxpves'scd ng a 
peroentage of the dry volnino, which occurs when the sample is dried from 
a piedetermined moisture content to that represented hj' the f^hrivkage limit. 
For comparative purposes the upper limit is usually taken as the F.M.E. 
Avhen the volume ohangc is known as the Volumetric Change though for other 
purposes it may he taken to be the liquid limii. It represents the combined 
effect of capillaiiby, colicsioti and resistance to consolidation'*. Volume change 
is of particular importance in road work ns high values iC'jult m ciaeking, 
the destruction of the cohesion and the allowing of water to eiit-or and 
.soften the road base. 

(d) The Lineal Shiinkage may be determined directlv by experiment 
or it can bo calculated when the Volumetric Shiinkage is known. As 
an appoximation it maj" be taken to be equal to one-third of the volumetric 
change. 

Generally, the tests for Volumetric Change and Lineal Sin inkage 
are unnecessary as onlj' in certain casc.s do the values help in classification®. 
The tests can be performed on disturbed or undisturbed samples. 

(e) Other values, sometimes determined, are the specific gravity of 
the soil particles ; the bulk specific gravity or the appaient density of the 
soil, — usually determined indirectly by calculating the Shrinkage Ratio or 
the ratio of volume cliange to moistinc loss above the shrinkage limit which 
can be proved to equal the bulk specifie gravity. The appaient density 
can be ascertained lor remoulded or undisturbed samples naid the values 
obtained are oft.cn of considerable mtorest and value. 

Tho following ro'sume' of the test constants for each soil gioup 
together with any special characteristics and any treatment icquired before 
the soil can ho used has been extracted, almost verbatim, irora 'Public 
Ronds’, Volumes 12, Nos, 4 & 6, Juno and July 1931 and Volume 10, No. 
3, May 1929 and is republished with tho permission of tho United States 
Department of Agriculture, Bureau of Public Ronds : — 

Group A-1. Grading: Material retained on tho No. 10 sieve not 
more than about 60 per cent. The soil mortar, that fraction passing tho 
No. 10 sieve, to consist of clay, 5 — 10 per cent, silt, 10 — 20 per cent ; total 
«and, 70—85 per cent ; and coarse sand, 46 — 60 pei cent. Average effective 
size approximately 0.01 m.m. and uniformity coelficicnt greater than 16, 
The band shown in Figure 1 illustrates grnphicnlh' the grading of good 
soil mortars. 

Constants ; Liquid Limit not less than 14 or not greater than 26 ; 
plasticity index approximately equal to that indicated by curve 2 of Fig. 2 
.and seldom greater than h ; shiinkage limit seldom less than 14 or greater 
than 20 ; and centrifuge moisture equivalent not apt to bo greater than 15. 


Fraction passing tho No. 200 sieve — 


Liquide Limit about 

60 . 

Plasticity Index „ 

26 

Shiinkage Limit „ 

36 

Shrinkage Ratio „ 

1.3 

Centrifuge Moisture Equivalent 

„ 49 

Field Moisture Equivalent 

36 
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ChaiuotPiidticH : — ^^Vell graded inaieiifil with oxcoUont iiindcr: 
Highly stable under wheel loads, irrespective of moisture conditions: 
ITunotions satisfactorily when surface treated oi used as u base for 
lelatively thin wearing courses: High internal friction and cohesion ; no 
shrinkage, capillarity or elasticity. 

Group A 2. — Giading ; Not less than aliout 55 per cent of sand in the 
.soil mortar. 

Constants : Liquid Limit goneially not Jess than 14 or greater than 
35 ; a plasticity index of zero with a significant t^hrwkagc limit or a 
plasticity index greater than zero and less than 16 with or without a 
significant nhiinhage limit] centrifuge moisture equivalent not greater 
than 25. 

Characteristics : — Coarse and line materials with an inferior binder: 
Highl}' stable when fairly dry : Likely to soften at high water 
content caused either by rams or by capillaiy rise from saturated lower 
strata when an Impervious covci pi events evaporation from tlie top layer 
or to become loose and du.sty in dry weather : High internal friction : 
May have detrimental shrinkage, capillarity or elasticity. 

Qioup A — 3. Grading: Effective .size not likely to be less than 
0.01 m.m. 

Constants ; — Liquid limit not appreciably greater than 35 ; no plasticity 
index] no significant shrinkage, limit; ccntiifiige moisture equivalent less 
than 12. 

Ability of sands to resist hlidiug when wet, indicated ns follou.s; 
Liquid limit of 10-14 signify beneh and other lounded sands which slide 
easily; iijfMid limit of 30 to 35 indicate rough angular particles which do 
not slide easily. In addition, liquid limit when lower than field moistuic 
equivalents indicate materials whicli flow under partial saturation, when 
equal to the field moisture equivalents, the liquid limit indicate average 
sands which flow under full hydrostatic uplift. Liquid limili greater 
than field moisture equivalents indicate rough grained .sand.s u’liicli flow 
only when in a state less consolidated than that repi csciited by the field 
moisture equivalent. 

Characteristics : — Coar.so material only, no binder : Lacks stability 
under wheel load.s bill, unaffeeted by moisture eonclitioms : Not likely 
to heave or shrink appreciably : Furnishes excellent support for flexible 
pavements of moderate thickness and for relatively thin rigid pavements : 
High internal friction, no cohesion: No detrimental capillarity or 
elasticity. 

Group A-i. Grading : Le.ss than 65 per cent sand. 

Constants; ZijMid Liwii'f seldom less than 20 or gioiter than 40; 
plasticity index not greater than those indicated by Curve 3 of Fig.2; 
shrinkage limit not likely to ho greater tlian 26; cctilrifugr moisture 
equivalent approaching those indicated by Curve 10 of Fig. 4 hetween 12 
and 50; when greater than liquid limit, indicates varieties of soils mehned 
I'O be especially unstable in the presence of water; field moisture 
equivalent equal to or somewhat greater than tliosc indioatcd by curve 
11 of Fig. 6, with a maximum of about 30. 
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IncicM^e in exp.'in-iv** iirnpeitii'-! 'ifiic'all}' iiulinitf'il when \liiinlagc 
limits excecil 20 anrl .ippmarh ihO'O lepic^i-itpcl })r Onrvp li of Jf'ii;. Il, 
(■•.pt-finlly iiWpW li< n fiolrl nioi-.tmo crpiivalfiil pM-opfl'- rnUnfiigr mni /?/?.■ 
ftjunn'lcnt 

Cliai.i<’teri'.(if'i — Sill '-oiK without l■o.lI'■f ni.ilcii.il, ninl witli no 
appicc'iahlc .nnoiinl of cl.ij* Tonflenov to n)>-orh watn ifidilv in 
quantitiC' suffincnt lo mu'-" rajn>l lo^s of stability t-ven wliPii not 
maiiipiilaiPfl • When flry or cl.nnp, pip^ent-. a Gini iirliii<: •^nif.icc, whicli 
lehounrU hut very little upon the lemova! of lo-ul • Apt to (-.laBe i-i.ukin" 
ill ngul pavoincnt> duo to fnKt hciiviii", aiwl fiiiliiio in flovihlo p iVLinoiits 
due to low >?iijipoi t Intciiial fnetion varuiblo, no .ippiociiiblo eohcBion 
nr ela«tioitv C.ipillaiitj' iiiii>oitnni 

Ginujp AS. Gr.idiim Ll'-. tli in "'.I per i ent ‘-and (E\'‘i’i»tioiiB 
oroui). 

Coiist'inti Liquid Liinil iisu.illy gicatei than 35, pla^lictfi; mdcjr 
'oldoiii groitei than tho'.o indicated b\ Cuivo 3 of Pig 2. rcntiifi/g/ 
iiwistiiTC iquiialnii en’ilo; than 12, often Ijiiiir between Ciirve-* 0 iiiiil 10 
of 4, not lilulv to v. itei-log (Evicjition- oi-r-in) SlninLiu/e 

limit trenerally urcatii tiian 10 and pri.itoi tliaii 50 foi ^cly 
undC'iiablf' nuTnliei-^ of this gioup Miy approach value-, indicated bv 
Giiive G of Flu' 3 foi -iit^ contaiiimg peat .iiid approncli rhos" indicated by 
Ciinc 7 of Fig 3 loi ^ 0 ll' i intaining eitlicr dmt'»iis nr niic.i in apprei lablc 
amount F’'hl moiyliuc eqinialcnt apinnaching tho-e indicated l>y 
Cuivc 12 of Pig 5 foi silts c aitainmc peat in appieciable anioiini and 
tliose indicated bj' Cm \c 13 of Fm o for highh elastic so,Is contaniiiig 
mica 01 cfdT/oin 1 111 appi ei m hie amount The I-iohns, re present iiit: good 
bindci* are nicmbeis of group possc<!viiis» lelativel}' lii'di plushritij nidlrrs 
and low/cW moi hire cqinvalcnts 

Clniaelen.stics — Siimhr to Gioup 4. but gives lughly elnstu 
siippoiting siirfaci s v ^^h apprecialilc lobotiiid upon lemoval ot load when 
dry Elast'c propel tie-, inteifeic with p'opci coinpactinii of inacadaiiis 
during constinr tion and with ictcntioii of good bond aftenvards 
Appieciable elastlclt^ 

fhoup A-6 — Grading ' Seldom contains less than 30 per cent clay 

Con'"tants — Liquid limit usually gie,ater than 3r> , pln^ticitij tndea 
•ilijiroximatclv represented !iv Cm ve 4 of Pig 2. ghrinluge limit not 
lik'-ly to be appp'cp'ably greater than that indicated by Cuive 5 of 
Fig 3 , rcntrijiirji uinistiirr rqiavalent tc-^t geiicialiy prodiirtivc of water- 
logging • likely to lie hetw’ccii Curves 9 and 10 of Pig f , field moi^liirc 
cqiiirnlcnt seldom exceeding tlio-je indicated by Cuive 11 ot Fig 5; bnt 
may be apjirccmbly le~s for certain colloidal soda Vohiractric change 
gencially greater than 17 

Chaiactciistirs — Clav 'Oils inthont ooai'e material’ In stiff or 
'oft plastic st.ite absorb additional water only if manipuhted • May then 
chenco to liipiid state and wo*"!! up into the inier^tiecs of macadam or 
I ause failure by r-lidmg in hinh fills : Famish firm support essential in 
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pvo])erly compacting niiicuduinh only .it stiff coiibisLcricy : l)elornialioii>> 
occur slowly and removal of load caii’-cR very little icboinid Slninkagc 
l)l■opertie^ combined with alteinate wetting and drying under Geld con- 
ditions aie apt lo cause cracking m rigid piiMMiicnts . how internal iric- 
tion ; colicRion high at low moisture content , no elasticity , jiossiblo 
detrimental shi inkage 

(t rouyi /I-/'.— Giading • Seldom contains les, than SO?,', clav. 

ConstiantSi Liquid hmii usualh gieater tiiaii .‘hj , phuliciit/ index 
vane*! hetweim tliO'.e mdiciited liy Curve.- IJ aud d ol Pig. 3 , .sfirinlcuqa 
limit gcneially vai ics between thobe indu.uled liy Ciir\C‘' o and (5 oi 
Fig 3 ; cenlnfufje mointme cquimlmi varies between those fndieatcd by 
Curves n and 10 of Fig d ; walei -logging in cent) ijuqe lost may not oicui 
even at vciy liigh mouthne I'qiiivulenta. Field moishne equivnlrnl creator 
ihiin those indicated by Cm veil of Fig. .'> llelatividy low ahiinknur, 
hunt with liigh Jtcld moisfure cqtfivalenia mdicatinir presenee of colloidal 
organic maUi'i llelatively high .slnnihnqc limil indicate the possiinbty 
of frost heave. 

Cliaracteiibties — iSmul.ir to Group i\-C, hut when moist, dclorms 
ijuickly under loud and lobounds appieciubly upon icmoval ol load 
Thus, lacks iirmness in supjioit, bimdar to subgiiidcs of Gioup A-6: Alter- 
nate wetting and drying under field conditions leads ip' evi'ti inou* 
detrimental volume changes than in Ginup A-6 siibguidcs May cause 
concrete pavements to crack before setting and f.iult afterwards . May 
contain lime etc productive of flocculation. Fosscsses elasticity 

Gioup A-8 . — Grading . not Hignificaiit. 

Conbtnnt.s ’ Liquid Jiiuil greater than do , plainly index, generally 
less than lliose indicated by Curve 3 ol Fig. 2 , shihihvjr hinil nichcalcd 
approxiiualcly by Cuive 6 ol Kig 3 , rcnliifiiyr moi'.tuie equivahui 
between Cmvcs 0 and lU of Fig d, Jicld nwitlure Lqnivalent likely 
to, be greater th.in those indicated by Cuivo 12. 

Watci’-luggmg 111 the cenUifugi b's/ is chaiaelcnstii of the mucks 
coutaiiiing clay anil i ollnids, w’Jicii*a.s v r^ lugli equivalent- w lOiout walei- 
loggmg are ehaiMctenGtic ol jifiii nol nioir- ihuj ibglitli deeomj'osefl 

Charactcribtics — Fery toft peal anil muck mcupablc ol supporting 
a road surface without being prcviouplv compacted or displaced by a fill 
Low intcrnnl friction and low cohesion. Apt to posses-j c.ipillaiitj’ and 
elasticity in detrimental amount. 
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PART n 

SOIL CHEMISTRY AND PHYSICS 

Chapteb 2. 

CHEMICALLY ACTIVE SOIL CONSTITUENTS AND 
THEIR IMPORTANCE TO THE SOIL 
ENGINEER. 

Fractions larger than silt are chemically inactive Silt may be slight- 
ly active especially if fiee salts of the alkali or alkaline earth bases are 
present. By far the gieatest activity is to be found in the clay fraction 
cspeciall}’ that portion below 0 001 m m known as colloidal clay, 1 c., clay 
which has certain marked colloidal propeities Actually these properties 
are not always, if ever, complete, so that it is not strictly coriect to refci 
to this fraction as soil colloids. 

Most of the deleterious characteristics of a soil, which involve direct- 
ly or indirectly znoistuic relationships, depend upon the amount and the 
natiue of the clay fraction and hence on any changes in the nature of the 
clay complex which may occui. In nature, chemical actions, both ordinary 
and by base-exchange, may occur m many soils under normal conditions, 
during tho ycai cycle Such actions may lead to a cyclical or permanent 
change in the soil’s properties Under artificial conditions, such as when 
the soil IS covered by some form of foundation slab the change in proper- 
ties may be abrupt and will almost certainly be of a permanent nature. 

It IS thcrefoic esseniaal that certam chemical and physico-chemical 
properties of the soil ■should he clearly understood. This inyoh'cs some 
fundamental conceptions of soil chemistry and physics which arc now 
presented 

Chapteb 3 

THE SILICA-SESQUIOXIDE RATIO 

The silica sesquioxide ratio or ratio of the silica content to the feme 
oxide plus aluminium oxide, usually cxpicsscd as SjR, is of considerable 
value in soil studies At one time it was thought that this ratio could be 
made the basis for a strict classification of soils but unfortunately under 
the present definitions and test procedures, this has not yet been found 
wholly practicable Examples have been met in which two clays of differ- 
ing constitution gave the same SIB ratio However, as regards the main 
soil groups, Reifcnbeig was able to find, from a study of published data, 
that each of these main groups was represented by a fairly distinctive SfB 
latio^. His average figures ivero : — 


Grey Desert Soils 

• • 


3.62 

Prairie Soils and TEchornozems 


3.17 

Alkali Soils 



3.01 

Podsols 



2M 

Terra Rosa 



2.43’ 

Bed Desert Soils 



2.08 

Brown Earths 



1.08 

Tropical Bed Earths 



1.73 

Latoritio S 01 I& 



1.28 
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The figures given by Byers*^ are very similar iiO these. 

Since the ivonthering process is only truly reflected in the secondary 
clay mineral matter, it is usual, in modern analyses, to determine this ratio 
for the colloidal clay fractions although formerly it was determined foi such 
fractions as those passing the 2 in. m. sieve. 

Unfortunately the SjR ratio cannot, uiiparcntly, he used for the 
determination of the predominant clay type with any degree of certainty. 

Clarke, Rieken and Reynolds'* discussing the “Importance of the 
2-Micron Fraction” say : — “The number of constituents " — {gmrlz, calctfc, 
kaohniie, bcidcihte, Miiwcon’/c and possibly montmoi illoniic etc )" — present 
in the 2-micron fraction will necessarily invalidate its use in many 

respects The mineral complexity of the fine fraction of the soil 

presents a problem of great magnitude and it is ucrlain that no fraction 
of the soil, no matter what the particle size limits arc, will be entirely 
free of considerable heterogeneity of constituent composition. Maiahalls 
has adequately discussed the nature of the complexity of the fine fraction 
of tlic toil and states that 'the ratio of the silica to sesquioxidcs does not 
necessarily indicate even roughly the predominant clay type’ 


CnAPTER 4. 

SOIL ACIDITY. 

# 

The acidity or alkalinity of an aqueous soil solution may be repre- 
sented by its pH value, that is, by tlie negative logarithm of its 
hydrogen -ion concentration. 

Electrolytic Solutions, ineliidiiig pure distilled water, dissociate, to a 
greater or lesser extent, into their cations and anions and thus exhibit 
electrical conductivity. Thus, for puic water, : — 

H.0 = -h (OH)- 

Thc concentration of ]!■*■ ions in n litre of pure distilled water has 
been found to be npproxiniatclj' : — 

= 10"’ giamions per litre, for which the 
negative logarithm, or pH, equals 7. 

Further, since pure distilled water is neither acid nor alkaline, tlie 
hydroxyl ion dissociation must equal the hydrogen ion concentration. 
This follows since, by definition, an acid solution must have an excess 
of H— ions over (OH) — ions and an alkalino solution must have an excess 
of (OH) — ions over H— ions, 

or, COH = Cn s pH = 7, 

The value of pH = 7 is therefore* an expression of neutrality. 

(C) MarBhall, 0. E “Tlio Iinportauco of tlio Lattico Btruoturo of tho Clayc for tlio 
Study of Boils”, Soc. Oliom. Ind. 5i (1V35}, 
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Foi any iKjucouh solution the pioduct: — 

X ^OH = con'-tiuit — ill ii ti-iiipeiatuif of 

21 (le^iee- I'entiniadc i" 

Au}' soliilion iiiid ui piirticulat .iiiy aqueon- soil solution, ndl he 
iicid ni iilkaliiii' iici'Oiding as wliethci 

Ch J Coh or, Oh ' 10- 

Exainplo« ot iiouk acid find ,ilk,iliiii' "olulions with tlicii 
coi I c'spoiiding pH v.iliu"- : — 

(.i) At id — ~ HOL — 85% diesoci.itcd 

86 1 1 
Oh = Iqq g'”'' H-mna/litre = 10 - .ippiox 

01 pH •= I 0 appiox. 

(h) Alkaliiii'- XiiOH — 8*4% di'^-oci.ilcd. 

^OU 2 ^ X (OH)-ions/litio 

= 10 gins (apjnox) (OHl lons/lilio 

oi, 0// I!! — _ _ 10 ijmi,. (iippiox )I1— ion>>/Jit.rc 

10 

foi iilncb pH •= 13 (njiprox ) 


'I'hf .ifidM.v OI alkalinity ot a sohitu'ii iii.iy he detorinincd hy eithei' 
ol the following two pniioipal methods of m Inch the latter is hv fai the 
nil lie < onimon — 

(.i) llv tiliatioii vitli noiiiiul acid oi alkali to neutialitv, oi, 

(b) By deteimination of t'hejiH clcetrolvtiealh iisint; the plalinuni, 
glasi, quinhydione oi antimony elcrliodc niothod The antimony 
electiodc method scema to he the latent and detaih ne given in .i paper 
by C J Schollenbeiccr contained in Soil Science, Vol 41. IPSfi 


The pH ot a Soil vaiics with • — 

(a) Tlie amount of organic matter of Imrans present and its 
degree of base satuiation, i c. with the colloidal humic substances 
present and the amount> of bases absorbed therein. 

Humic acid, formed during the decomposition of organic matter, 
IS, 111 the ahsence of bases, highly acidic having a pH of 4 or oven 
less It 18 oxidizablo especially in the presence of liases, pioducing 
COf 'iuid‘ll;0 'When ’basei, are xircsoiit, e-,pcciallv“ealcium, 'the acid 
piopoilies of liumuB vary fiom ‘mild’ to neutral 
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(I)) Tln' amoiinl. of tnmer.il nficls pl•c^onl Tlic rliipf ininer.il neid-i 
piesonfc, 01 likely to be pie-Jent, ui soils .'ll*!' : — 

up + CO} aot.in<r .is formed during the oxidation of oitranie 

materials and huinte acid oi liy tlie disBolvinif m water 
of enrlion dioxide from the atmosphere diii'iiig r.iin or 
foinied fiom thccarlioii dioxide ]nodiiml dining plant and 
niieio-oiL'niiie lespitalion m tlie pre-ence of inontino’'. 
and introduced into the soil liy percolation 

HpO^ foimed during the oxidation of oiganic sulphin com- 

pounds, sulphides and fiee snlphnr by certain b.icleria 
and also by direct oxidation of siiljihnr compounds and 
Bulplndc'. 

HNO-j iormed during thunderatorms, e^])eeially under tiopical 

conditions, and introduced into the soil by peicoLitioii. 

fn addition, phosphoric .acid and/or .i form of -ilunc acd may be 
formed, uiidei ccilain conditions, by anion exchange'’ 

Ji’urlhor, potential TJGL, II and II pO. may be formed dining 
partial cation exchange m tho pieseiice of elcctiolvl.ic solutions in 
uhich the base leplnceo H-ions from the soil complex or micelle 

According to .some authorities the ninonnts of mineral acids present 
111 soils aie small but tins does not appear (o be uni\orsiilly accepted. 


(c) Tho nature of the niaj' — e.ipeciu11y the colloidal cUy-fi action. 
This is expressed by the fnhca^scftqiiioKidc latio or the arPloid-banoid 

SiO 

ratio for the clay fraction, i.e -rrT, or* ''' ol the work 

ALOj -h FePj 

ol Mattson, Pugh and dn Toil and others, and as expressed by Pobinson'*, 
by the (silic.i, Pp,, huinie neid)/(set.quioxide) ratio when luiinic acid 
IS pic.scnt m the colloidal clay complex. 


^J'hus dcsaturalod siliceous clays, i.e, clays in which the silica 
se^quioxide ratio has been, perhaps arbitral ily, fixed as greawr t.liaii 
2, have a lower /j// than desn turated clay.s neli in .sesqnioxidcs, i o, ihose 
clays in uliieh tho .silica 80 .squioxide ratio w le.si than 2^ 

In the .ihove it is pointed out that silica and the sesquioxides 
not only form tho bulk of the clay fraction but offer the gieatest 
lesislancoto base oxeliange and othei weutheimg pheiioinena The 
degree of pei maiicnlncss is Fc >SiO;,. 


(tl) Tlie degicc of base saturation of the silt, clay and colloidal 
clay fi actions. The higher tho degree of base saturiition the higher 
the pll, but unless some soil alkali or alkaline earth bases, piefeiahly 
in t'he carbonate form, be present m ficc and aeccssiblo form the 
pII iR unlikely to rite much above the iioutral value of pH — 1 

Similarly the lower the base saturation or the' higher t.ho degree 
of iinsaturation the more acid the soil-reaction 
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The pH of a soil supplies the engineei ivith the follow mg infoi ma- 
tion . — 


1. Low values of the pH indicate soils with an acid reaction. Any 
free oi ionized potential acid is available to attack exposed steclwoik and 
tnay, by capillant}', or possibly by vapour transmission, be able to 
attack steelwork embeded in concrete. This action is rather similar to 
that occurring Aihen the reinforcement of piles in sea water is corroded by 
acids formed clectrolytically due to tempcratuic differences and introduced 
to the surface of the leinforcement by capillarity, vapour flow or by 
electric cui rents. 

2. Requirements in the control of water purification^^. 

Apai t from the above the pH gives little direct information unless 
accompanied by further data, as will be seen from the following : — 

3 High values of the pH infer alkalinity. Though genorall}' speak- 
ing an increase m pH corresponds to a decrease in corrodibilit}' yet if 
free carbon dioxide be present an alkaline solution may cause as much 
corrosion as an acid solution Noimally an alkaline solution will lead to 
deposition in, say, a pipe line and cause choking. 

4. The pH value is an indication of the base exchange capacity 
or, more correctly, of the degree of saturation. From its voluc and a 
knowledge of tJie nature and amounts of icplaccablc bases the amounts of 
such stablizing matcrinlb ns calcium chlondc, sodium chloride and 
silicates required to bo used in earth road stablization problems, can be 
estimated for known conditions of loaoliiiig. This will be further discussed 
under Base Excliango. 

5. The pH gives some indication of the active weathering process 
and of the nature of the clay minerals formed by that process. Thus a 
low pH indicates an active acid wcatheiing productive of siliceous ola 3'8 
[SIR> 2) of high plasticity, low friction, high cohesion and moderate 
shrinkage a neutral or slightly alkaline pH in the humid tropics indicates 
strong hydrolytic weathering productive of sesquioxidc claj'.s (S/F < 2) of 
low plasticity, moderate cohesion (down to a certain moisture content 
below irhicli the cohesion disappears) and low' shrinkage ; a high pH 
indicates a mild hydrolytic weathering and represents fine grained 
impermeable soils of high cohesion and high shrinkago The clay minerals 
for the above progression of w'eatheiing degree may, in general, bo 
theoretically considered to vary from those bordering on the 
Montmorillonite group down to those represented by the Kaolin group 
and/or the hydrated aluminium, ferric oxide group. In practice, however, 
the dominant clay minerals appear to ho represented in luthor the 
reverse order, i. c,, minerals of the montmorillonite group appeal to be more 
common in tropical than in tcmpciato zones and that thocc of the 
Kaolimte group appear more common in temperate zones. 

When the SjB ratio approaches 2, the weathering borders on both 
the podsolic and latcntic, or, on the sialhtic and alhtio systems. The two 
may actually be both active in any one area. This leads to two 
possibilities — a variation in profile properties -within the area and 
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contradictory test results for any profile. In such soils the difference between 
apparent and true cohesion may be of even more importance than that 
stressed by Terzaghi^s, a;, long ago as 1925. Siicli soils require 
considerable fiiither study. 


Chapter 6. 

ELEMENTARY DISCUSSION OP SOIL WEATHERING. 

The creation of a soil and the changing of it from one type to 
another is due to a number of iihysical and chemical processes, of which 
the most important is the weathering action by tho soil solution. This 
solution or inovemont of moisture carries with it ccitnin acids, when it 
acts in a dmvnwnid direction, and the sticngth of these acids depends 
upon the absence or presence and the nature of tho humic matter in tho 
soil surface laj'crs, wheie humus is the decomposition product of vegeta- 
tion, animal remains, excreta etc. Various types of humus have differing 
reactions on the base status of tho soil — some have a strong leaching 
effect on the soil complex, others have a tendency to preserve the base 
status. Tho kind ot humus produced depends essentially on the vegeta- 
tion supporting power of the soil and its action on the soil depends upon 
the base saturation of the sod. If the soil is highlj' base saturated the 
humus itself becomes base saturated and the leaching effect maj' for the 
time being be nil. If tho soil has a low base status then there is nothing 
to counteract the acidity of the humic substances produced and leaching 
occurs. 

The simplest form of downward moisture movement is represented 
by rain water with its impurities absorbed as it falls through the atmos- 
phere. Such impurities may include HNO^ and 

HCl, the most important of which is HpO^ which is also formed within 
the soil by oxidation, micro-organisms and the dccarbonation of organic 
matter. 

! If tho humus be a strong one the leaching of it by ram is said to 
produce a solution contammg very strong humic acids. 

Thus for a low base saturated soil, the soil solution causing leaching, 
vanes from the mild one of impure water to tho strong one containing 
humic acids. 

The fraction of the soil which is most subject to weathering is the 
cla3' fi action which is composed of a number of units, or micellos, of a 
fundamental clay mineral or mixture of clay minerals whose properties are, 
at the present time, being closely examined b}’’ the chemist, mineralogist 
and radiologi'^. Though these mineral units have reached a fairly 
permanent mechanical state of equilibrium they are still chemically active 
and are considered to have the form of compound silicates of aluminium 
or alumino-silicates of hydrogen, calcium, magnesium, potassium or 
iron , with each of which may bo associated, m an ionic condition, tho 
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cations of other sodium, potassium, cnlciuui and magnesium compounds — 
each acid radicle having attached to it cations of the cai tii bases in 
proportions depending upon the weathering and ilie nature of the parent 
material. 

Salts of the soil bases produced by chemical action and base- 
exchange and conveyed downwards by the moisture movement may be 
adsoibed by the sod complex ni micelles bv base exchange, i c , an 
equivalent amount may replace an equivalent amount of one of the complex 
adsorbed biises according to known rules of piefeience thus pioducing a 
soil complex iichei m that base. The salt lihciatcd, if insoluble, is then free 
to be deposited oi li soluble is earned away in the moistuie movement 
to be deposited lower down by such chemical action as reduction, or it may 
he earned away in the soil drainage. 

For a given amount of r.iin and a given humns, the order of leaching 
IS chlorides, nitrates and siilplmtes, sulphates of sodium and potassium, 
the carbonates and sulphates of calcium, carbonates of other bases, iron, 
aluminium, manganese and silica, though -with the latter four the 
mobihty depends upon the pH and may be m the reverse order to that 
given. 


Thus, foi the given conditions, aodiiim and potassium are earned 
away and eventually disappear in drain.sgo or, if the soil be impeimeablo 
or not subject to diainagc, a layer of thc'^e salts will he deposited at 
the limit of downward uiOistuic movement. Calcium carbonate is leached 
out next m the form of bicarbonate which is finally cither icduced at 
the limit of air percolation and deposited as concretions above the sodium 
salts 01 IS completely removed by the drainage water. With time, or 
with change in the stiength of the leaching solution, iron, aluminium, 
manganese and sihca aic gradually attacked, mobilised and deposited in 
approximately the reverse ordei to their susceptibility to leaching. 


Chemically this is represented by an alteration by base exchange 
from, say, a calcium clay to a hydrogen clay, in which the prevailing 
cation 18 now hydrogen in place of the original piesiimcd calcium If, 
however, instead of rain water being the cause of weathering, sea- 
water n ere to replace it, then conditions would be very different The 
origmal clay, on account of saturation, would be turned by base 
exchange to a sodium clay and the soil bases would be, to some extent, 
liberated as salts of those bases though after saturation with salt water 
Ihc.'B salts would not be deposited in well defined horizons 

There is anothci u eathcring action which is caused by an upu ard 
movement of moisture conveying with it an alkahnc or noutinl .solution 
as compdi ed with the acid feature of the downward movement. Although 
the exact way in which this upuaid movement is produced and sup- 
ported in soils with no shallow water table is not definitely understood 
and may, in fact, bo denied by some authoiitics, chemists and pedolo- 
gists appear, in the main, connneed that it does occur and has to occur, 
to explain various chemical actions such as tho^e causing the deposition 
of the spsquioxides of iron, aluminium and manganese and the relative 
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positions of these depositions as they arc fomicl in tiic sod piofiles. The 
constituents ol this upwaid soil solution aro the products of hydiolysis 
such as sodium or calcium hieaibonati*, sodium hydroxide, etc., and any 
soluble salts of sodium vliich the upward stieaiu may piicnuntei 

The sodium solutes may have very definite effects on the soil, iJie 
magnitude depending upon the amount of solutes and the leaching of the 
downward stream. Sliould theupMiiid movement predominate over 
the dotvnward movement, they mnj’ change the soil character from, saj’, 
a calcium to a .sodiiiiu soil; they may cause the irrever-sible deposition 
of such salts as those of manganese and iron which have been mobilised and 
translocated by the dowinvaid .‘•tream; they may change an impermeable 
layer of flocculated clay to a pcinicable layer or virc-vorsa. In other 
words, sliould conditions be suddenly changed so that the upward stream 
has a picdominating influence, wheicas Ibrmeily il was onlj' of secondarj' 
importance. The soil will bo completely altci ed phj'sically as well as 
chemically, Avhoreas faboiiily it i\as only ot .secondary importance. 

Such cliangcs in a soil aic accompanied by stiuctural changes which 
arc of consideiablc importance to the engineoi They effect the soil’s 
peimcability and its cohesive and shear properties and hence its bearing 
value. In addition, the change in chemical propcities may 
cause the formation of salts having a destructive action on an engineering 
work. The effect may change an clnstu* clay to a oomprossiblc one and 
vice-voi.sa. 

Though under the norma] conditions of an established weathering 
system changes .are very slow in temporntc regions, they are some forty 
times mote rapid in tropical zones'^- and may be comparatively 
instantaneous, univeifially, an lieu the weathering process is suddenly 
changed as might be the case under a newly eonstriiutcd road .''lab. 


ClLAPTEB 6. 

PRELIMINARY DESCRIPTION OP THE CLAY UNIT OR 

MICELLE. 

Probably the best elementary dcsciipt>ion ever given of the clay 
complex or micelh i«! by Comber to avIiosc ‘Scientific Study of the Soil’ 
tho reader is referred. Ho desoiibes the elaj- jiartiole as a salt in which 
the colloidal bodies of the pai tide constitute the amoa. This is pictured 
as the centre part or nucleus of the complex and, being of an anionic 
nature, i.s negatively charged. The charge is assumed to form an inner 
sheath of negatiiro ions distributed aioiind the anion surface. Around 
this ncgativcl}' charged inner .sheath of the nucleus arc attached a numhor 
of positively chaigcd cations of the alkali and allcalinc earth bases forming 
a charged outer sheath. Tlicsc outer cations form, in tho aggregate, 
the eomplcx cation of tho hypothetical salt. Tho cations nic not in 
intimate contact or association with the soil bnion but exist in varying 
degrees of dissociation depending upon tho magnitudes of tho attractive 
and copuhivc forces acting between tho anion and the respective cations. 
These two sheaths — the inner and the outer — form the so-called Bclmhoht 
double layer. 
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The nucleus or anion of the clay salt as complex as the cation and 
IS generally considered to be an aluminO'Silicatc, that ib, it corresponds to 
the anion fraction of one of many lathcr hypothetical silicic acids. 
As ivill be seen later the colloidal nucleus is even more complex. 

On account of the dissociated or diffused nature of the cationic 
sheath it is found that in noimal soils the colloidal complexes have a 
resultant negative ohaige’® This is f-aid by some authorities to bn due 
to the comparatively great distance separating some of the more loosely 
held cationn from the anion nucleus by which the sign of these ucakly 
held ions declares the sign of the colloid. A fai more convincing explana- 
tion for the colloidal icsultant electiical sign is that based on the Mattson 
conception of ’lontgens'^^ or semi, attached molecules According to 
this theory the soil anion adsorbs from electrolytic solutions certain 
cations which will m turn dissociate their anions. It is these partially 
fieo di'S'.ociated muons which give use to the rcsiilt.ant negative charge. 

The value of the negative charge will depend upon, amongat other 
things, the degree of disiociation and hence on the nature of the adsorbed 
cations It will increase w'lth the number of monovalent iwf ions, and 
decrease with an increase in divalent cation s. 

In those particular soils of <i lateritic natuic w'hose silicate has been 
removed in pait oi in whole, i o. clays with a SjS* ratio oi less 
than two, the colloidal complexes consist largel}' of aluminium or iron 
hydroxide gels or a combmation of both These colloids, although 
electro-negative, act, in the presence of acids, as if tliey svere electro- 
positive ow'ing to their property of being able to adoorb a diffuse layer of 
anions In alkaline '•olutions theyievcit to tho usual electro-negative 
type On account of this pcculiant}' of acting ns both electro-poutive 
or electro-negative colloids they aic known ns amphoccric colloids oi 
arapholytoids^'*. 

Ill general, aqueous soil colloids show the sign of the non-adsorbed 
or negatively adsorbed ions As a particular case, under certain conditions 
and at a certain value of tho pJl, loiown as the isoelcclnc pH, the 
resultant charge may be zero. Under these conditions the colloidal 
particle carries no dissociated ions 


Chapter 7. 

BASE EXCHANGE. 

Tho finer fractions of the soil, especially tho colloidal clay fraction, 
possess tho property of i emoving cations from solutions of electrolytoa, 
(weak acids, neutral salts and w’eak hydroxides) in exchange for 
equivalent amounts of the soil adsorbed but dissociated bases according to 
laws of preference This process is luiown os base exchange and applies to 
both organic and morganic colloidal materials. It differs fiom ordinary 
chemical reaction, which may also take place, in that * — 


*5/i?=Silioa— BBsquiosido ratio. 
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(a) The action is, in gciiornl, a superficial one, i c., it is of an 
udsoiplive. and not abmptive nature. 

(b) TJic action is, in general, though not invariably, an interchange 
of cation,’!, i. e. the soil colloidal particle baa moio oi less loosely attached 
to its siirf^ace ionized cations of the aoil bases — CaO, JsT-O, Na20, MgO and 
jETjO which are exchangeable nith the ionized cations in the electrolytic 
solution. 

For any definite concentration of electrolyte there is a limit to the 
amount of cations exchanged. Thus, though this exchange oncur.s 
instantaneously, 01 nearly fo, it is not a complete exchange. Dining the 
process an equililniura solution isfoiincd around tho colloidal particle or 
micelle ■which preA'cnts further exchange. This cquihbiium solution 
contains the cations exchanged fioin the soil but ns yot onlj' partly fiee to- 
gether Avith, peih'aps, some lomrcd anto/ifi from the electrolytic solution. 
By repeated leaching with the electrolyte, the equilibrium solutions can be 
successively removed until complete or nearly complete exchange is 
obtained. A final Avashing Avith distilled water to remove any remaining 
electrolyte is ncccs<5ary to lender the exchange permanent. This follow.s 
fioni the fact that base exchange is largely reversible. The moio pervious 
the soil under humid conditions the quicker the leaching effect. Hence, 
in situ, the changing of tho clay type depends upon the amount of 
clectrol.yto awailable and the case with which the displaced cations may bo 
carried away ui the soil drninogc. 

Tho exchange action is said to be accelerated and tho total amount 
replaceable to be increased by huccessiA'o heating, washing and drying*® 
Avhich tends to break up the structure and set free the more maccessiblc 
ions. Tliifi property is thought to be of considei able importance in the 
study of liopical soils Avherc these action.', arc pioduccd naturally and Avith 
great frequency. 

In general, for aimrage soils, the replaccnblo bases arc CaO. MgO, 
Kp and Na.O and they nie present in that descending order of magnitude. 
The amounts are, noAvadays, expressed in milligram equivalents per 
hundred grammes of air-dry soil (oi parts per 100,000 divided by the 
equivalent Avciglit), Until quite recently, and often at the present time, 
chemical analyses have been given unaccompanied by analyses for the 
replaceable bases. These chemical analyses show the amounts of the 
alkali and alkaline earth bases in the form of oxides, but care must be 
taken not to confuse these bases with tho replaceable bases which arc of 
veiy much smaller magnitude and of a very different relative order. 

Some basc.s existing in tho soil arc free or adventitious, others form 
part of the colloidal clay .structuro and aro available for exchange Avhilst 
others aro fixed m the crystalline clay structure and arc not wholly 
available for oxchunge. 

Average clay soils, as described aboA'C, or those containing only 
exchangeable calcium, i.o , saturated Avith calcium, aro called calcium 
clays. Similarly if sodium or hj'drogen represented the picdominant 
exchangeable cation, tbc soil Avould bo known as n iVa-or U-chij icspoc- 
tively. Actually, hoAvovor, in the caso of magnesium and sodium clays 
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the properfcie<; aoquircd from the presence of replaceable magnesium and 
sodium ate so pronounced tliat it is not absolutely necessary for the 
amounts of replaceable magnesium or sodium to exceed those of calcium. 
This is an important point in engineering soil study since replaceable 
magnesium and/or sodium aic responsible foi deleterious properties, 
especially for low SjB values. 

If a momonic Ca-clay be leached with sodium chloride, base 
exchange takes place and the action can bo expressed as follows — 

Ca-clay + 2NaCl = Na-clay + GaOL 

Similarly, E-clny 4 KOI = K-clay + HCl 

This action has been gcneially consideied icv'ersible but RusselH, m 
his latest edition, draws attention that it is not always wholly reversible 
as regards the nature of the resulting clay product 

If, during leaching, the displaced soil cation forms with the 
dissociated antoii of the cleotrolyte an in'.oluble salt, then that salt is 
irreversibly deposited If, however, itfoimsa soluble salt, that salt is 
free to be carried away by drainage water, to be deposited as a pan at 
the limit of percolation, or, to enter into further exchange action with the 
clay complex of that or of a lower or oven a higher hotizon according to 
diamage characteiistics of the soil, moisture movements and the degree 
of base exchange stability. This is the reason u'hy, for complete and 
permanent exchange, a final washing is neoessaiy to i cinove any free 
electrolytes. 

When the soil's ability to absorb bases is satisfied with combinations 
of GnO, MgO, K^O and Na^O, the soil is said to be saturated, but if 
hydrogen e.vist amongst these adsoi bed bases, the soil is said to be 

unsaturated. If the hydrogen ion is present in sufficient amount to 
produce a soil of less than p£f=7, the soil is said to be acid. Complete 
unsaturation exists when all the cations aie replaced by hydrogen tows 
In general this can onlj’ occur in the .absence of free calcium carbonate — a 
primary or secondary constituent of so many soils Percolating water 
containing carbon-dioxide and sulphur-dioxide, produced as a result of 
the oxidation of organic and sulphurous compounds, increases this acid 
leaching as also does heating-^ and washing. 

Complete saturation by any particular alkali or alkahno soil base or 
by a mixture of such bases excluding hydiogcn is difficult, if not impossible, 
to determine. To overcome this, saturation is defined as that occurring 
at an arbitrary pH, usually taken as 7, when the electrolyte has definite 
and knonoi concentration and natiiie. Por ordinary iw Aifu soils, saturation 
implies an excess of free GaGOj suitably dispersed and in a form available 
for exchange 

Accoiding to Robinson^ the exchange capacity for colloidal clay 
vanes between the hmits of 16.4 in.e.'*’ pei 100 gins., (laleritio clay) to 


* m o. milligram oquiisilonts ' 
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110-2 {henioniie) nnd for colloidal humus fiom 260 to 460 m, c./lOO gma., 
illustrating the highly dcvclojicrl colloidal properties of organic colloids. 

The replacing power of the cations, from their chlorides, is : — 

H > Ca > jlf <7 > K > Na > Li. 

It has been suggested that the replacing power is connected with 
ionic hydration and hence with the ionic radii‘s, the replacing power 
increasing with decreasing radii and dew easing -with decreasing hydration. 
This has been proved under certain conditions for the univalent cations 
■with the exception of hydrogen. There is, however, considerable doubt 
over the nature of the reaction in the case of hydrogen. For discus- 
sions on this, the readoi is roforied to Robinson and Russell. Baver 
and Horner22 have investigated this problem theoietically and, basing 
their investigation on ionic radii and valencies, have expanded the 
Jenny hypothesis to give a continuous order of hydration of: — 

IJ > jVff > Ca >Li > Ba Na > K 

According to this analy.sis hydrogen occupies the position which would 
be expected. The order given b.v Barer and Horner is not the accepted 
order and refers to a theoretical order ba^cd on an equal availability 
of the soil catioHs foi replacement. 

The case of replacement from soils containing only one kind of 
exchangeable cation, i.e., homionic coils, is believed by some to be in 
the reverse order to the loplaoing power with the possible exception, 
again, of hydrogen. Thus; — 

Ia Na > if > Mq > Cm > Bn, 

Others maintain that the case of replacement follows tlio same order 
ns the replacing power 24. 

Apart from exchange cations certain soil colloids possess the propcity 
of exohanging anions. This is known as amphoteric behaviour. It is 
generally considered to occur when the colloid dissociates //ydro.ryi[ ions 
on the acid side of its isoelecli ic pH, i.o., the pH, at which the jiarticles 
carry no electric charge. It has been slioum that such colloids can 
absorb phosphates, sulphates and chlorides for which the order of 
adsorption is PO^ > > Cl^^. A J. Pugh and i\LS. du Toitis^ working 

with synthetic ferric silicates and pliosphates (and thus, by analogy, 
with aluminium silicates and pliosphates, as the properties of these two 
metals are so alike) investigated the part played by the hydroxyl 
group of the acidoid component and found that hydroxyl ions could 
replace the silicate and phosphate ions in equivalent amounts so that 
the hilicates and phosphates of iron and aluminium can bo considered 
ns substituted h.vdroxide.s Mattson*8.25 considers the anions are not 
replaced in equivalent aiuoimts but in propoition to the product of their 
concentiation and the association constant, . ' . 

Mattson says that the displacing power of the anions seems to 
follow the order Oil > PO^ > SiO, > SO^ > 
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An important inoporty rdatnig to the u*placing powei of the 
ctitions is that, pveryllnng olao hcing oqiiiil, tlio'^c witli tho 

greatest replacing power are Iho least liydrn ted This ipsiilts in cfi/ions 
with tho gi eatest replacing power producing stnblo flocculated clays and 
cations with the least loplacmg power pioducing stick}% unstable, or 
highly dispciscd elaya. As will be scon later, this piopoity is of great 
interest to tho soil engineer. 

Of the rations ])icaont in the hoil miccUc, it is the univalent and 
diraloiit rations adsorbed on tho outside of tlio micelle which are, foi the 
most part, exolmiigcablo The inside of tho tnicdlc consists of a much 
more icsislnnt inntciinl m which the alnmino-silicato radicle is 
generally consideicd to fcatuio. Of the absoibcd cations uisidc the inicdlr, 
aluminium appeals to be rojilaceablc uhen ncntial salts aie added to 
acid soils, thougli there is considerable doubt as to its true rcplnccabilitv 
and it seems to bo generally conceded that the nlumtHiiim ion is sot freo 
by acids formed by exchange betneon tlie colloidal H~ions and the 
cations of the electrolyte and thoir formation of an aoid with anions of 
the neutral salt. It is thought that the acid thus formed nttacha tho 
colloidal partiolo and hherates tho alnmiuium 

Although tho ease of leplaccmcnt of cations is fniilv definitely known 
it docs not follow that all the cations present in tho soil complex can bo 
replaced with that degree of case Total displacement of any cations 
obviously depends upon ita degree of accessibility, i o., upon iU position 
relative to tho micelle If tho rations were nil situated on the surface of 
the micelle, ns assumed in tho Helmholst double layer conception, replaoo- 
incnt M ould follow tins order but in some soils n fraction of the cations 
is situated inside the crystal lattice striioliuo of tho micelle of oiny mineral 
Magnesium is tho most prominent example and many of tho Mg-tons 
iito inacoessiblo for base cxobnngc Grinding of the colloidal malciinl 
iclonses some or most of tho loniaining ions — tho amount depending 
upon tho degiee of grinding Sodium mid calcium ions, on this basis, 
may, ns n whole, be tho easiest to replace but this will depend entirely 
upon the typo of clay inmei nl present This suggests one icason existing 
amongst chemists for tho disagreement, rcfoircd to above over tho oaso 
of roplaceinent. 


CnAPTER 8 

THE MECHANISM OP BASE EXCHANGE. 

In tho olemonlnry description of the cloy micelle given m Chapter 
G, the normal type of elcetro-negativoly clinvgcd olnj’ wiiccl^e (5/1? greater 
than 2) is likened to a ncgnlively charged anion, foiining a nucleus, sur- 
rounded by nn atmosphere of positively charged cations m varying 
degrees of freedom. Theso cations, ui tho aggregate, form the complex 
cation of tho hjqiothetical clay salt. A more detailed study of these 
hypothetical clay solt cations and anions is cssoiilial to nndcrsland fuitlici 
piopcrtios. 
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The Hchnliolst double layer conooptiou is usolnl in explaining cerbuiii 
jilicnoDiena but. ih novoibhcles'i laigely cinpineal. 

Tlie first fnndiiinenial pioperty of the colloid.il ‘.oil euniiilex is its 
ability to dissociate ceituiii /oh.s. For clcotro-ncjn.itivo colloicliil chays the 
dissociated lon/i aie aifions which form the hypothetical cation The 
remaining iiiaterinl ma.i be taken, in the aggreg.itc, to be eleetro negative 
and IS tlius likened to a s.alt amon. 

The .‘•cioiid fuiidninent<il pioperty of the eolloid.il clay fr.iction is 
that the inatuiial of which it is eoinposed is entirely difiercnt from the 
material coniprisiug the larger fractions Whereas gravel, couise and fine 
sand, consist of rock fragini'iits of the jnimnry sod minerals o.g. miens, 
quartz, and feldspars etc , the clay fiaction, cspeciallj' the colloidal 
clay, consists almost entirely of secondary clay minerals formed under 
the particular type of weathering to which the sod has been subjected. 
These clay minerals, entirely diflfcreut from the primary sod minerals, 
exist ill a more or less gel form. This is an important fact which 
reappears in the study of moistuio relationships and dependent iivopeitios. 

Soil colloids have been extracted from known soil groups in various 
and widely separated parts of the world and examined by X-ray and 
Micioscopical incthods ns well ns oheinically. Though much work yet 
lemains to be done, it appeals that the colloidal clay inmeraLs are 
ciystalline in character and it. is believed that am’ sample from any 
particular mam foil group will show the same ramoral or minerals 
I’eprcscntntivc of tliat group. Tliough .so inr, it nppeais that only one 
crystalline iniiieral has been rcfogiiixcd in any soil colloid, it is nob yet 
certain if that is the only one jircsent If the'c are otJieis it is assuiiicd 
that they must be non-ory.'stalliuc*. 

There are certain known fiiiidoincntal clay minerals resulting, it is 
considered, as the end pi odnets of defined weathering jirocesfcs and also 
certain known intci mediate minornts. For any particular soil group the 
extracted colloid may be one, oi’ contain one, of these known pine minerals 
but it is raoio likely to he of some in(.emicdiatie type, 

According to Hendricks and Fry27 the, common miiier.'ils of l.Iic sod 
coUoi&s are montinoriUonife-beidelhte, ordoricifin-hcntointe {oi a mixture of 
inontnwrillonilc and silica) and halloi/sife ivitb occasional haiuitc, (Care 
must be taken to distinguish between the .ictiial soil colloid mincials as 
found and the puie clay inineials which arc only comparatively rarely 
found in natuieb 

According to RnsaelP t he known pure clay minerals may bo grouped 
as follows: — 

(1) Kaolin Gioujj comprising Kaoliniic, Nncritc, Dickhc and 
IJalloysitc These appear to be hydr.Tted silicates ol aluininmm 
01 hydrogen aluminium silicates. 


*For later information peo “X-K ay Diffraction Studios of two mieron Fractions 
'of some Gonotio Soil rrofllos" G.L. Clark, F.F. Riockon and D.U. Rojnolds, 
Z. Kristallogr (A) 90, 11*37. ■ 
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(2) Monlmorillomir. Group, eonM^tini: of monUnonllonilc or hydrated 
aluminium silicate containin'^ some calcium and magnesium 
Mlicrc «oine of the innqncMum may be leplnced by pota'Mum or 
"Odiiim This occurs in the be/ilo.iitc soiK e^lciaively found in 
America. 

Nonironitc — a lij dented «ilicatc of iron. lc« colloidal than bcidclUfr 

BcidfUtlr — .1 hydrated sihoite of .aluminium coiitaiiimc some iron 
Highly colloidal and a dominant c-l.iy — roriniiig mineral. 

(.3) Unidentified iiimcraN siinilir to tlie tnontwnrtUnmtt group but 
with difTcrciit properties, 

(J) Hydrated fcrrit , nliiminiiim .niid other oxide^. 

It may he not"! here (hat theie ‘.'•ein- to he a little lonfu'-ion over 
the grouping of Tnlloih^lt Roiiin'On^ and Ro-s !5 place //alfoysi/r or a 
form of It, IriiOivn as Cryst.illiiie Ilallny^iw, m tin* Mouli’inrillnnilc gioup. 

As pointed out by Kelh , Dore and Broirn-' « ry*tnlliiio mineraK arc 
composed of atoms at regiihrly t-paced disi inc.'s and f.illmg into regularlv 
spae. d planns For 'ilummo-siUcetC' the atom-, O’* inn*, a'-e srouped into 
eortniii buildmn unit' coiiM'ti iir of one sunll nhim'iiium or «ilieon ion 
surrounded by four l.ir,:e elo'cly paeked oxjgtn ion» forming '.ihat are 
knovin as mUoi or nlumiiiuim tetr.ihedia unit- In other aluimiKi-siUc.ite:? 
the aluiriiniiim 101 mi\ be snrromd< d l>y -ix tlo-ely p'icked o.\vgen i’w«» 
fornniig nlnminium 0 ','tr.th"dr.i iinit« Und'T certun conditions the 
hjdrosyl ion* may be foun'l to have tikcii the pi ice of the oxygen wn<-. 
For any paiticnlar nrrangement o*" the building block* including any 
broken bondings*, for any' given bouiid.'iry conditions Mich ns cle'avag'c 
plai.C' and end conditions and for any given ronditions of un'^nlisficd 
aluminium ehnrgeo n-s ot enrs in <.crt iiu arrangement's, there will he free 
bonds or charges ’ibi'ch are avnil.ible lor Imscs or ri/io/.s to .'itt.ieh them- 
selves On thi® hypothesi'! the naluie of the ab-orbed wn will obvionslv 
depend, m p-’rt upon the spn«; m the fr.'>mowork available. Amongst 
the In-Es vhuh may be nb-orbrd or adsorb’ d dii'' to llie exi~unee of 
nns.iti'fied charges must be plered w.ate'*. 

The interjilnii.ir spacings form .i niCTraction grating which appears 
as a pittcrn on the X-ray film. A study of thc<? pattern lines, their 
relative p-iMiions and thkkne-s leads to the identification of the clay 
mineral .anil any additional atom- held nitliin the stnictme 

Marshall, >5 m 1936, reviewed the study of the constitution of the 
clay minerals He quoted Pauling stating that the miner.als are com- 
posed of superposed layer latticc-3 of gibbsite [.4Z. (0/7).] and B — er’ -lohnlitc 
(Sio,) avith oee.asional substitution oibruc<!c layers [A/jj (Oi7>J Tor gibbsHc 
KaoUiiHc, he stated, might eon-isl of one gihc.a and one alumina layer. 
He quoted Gmnner as showing the diircrrnc. betwcLii hithnUc nncrile 
and dici'rtc ns due to the displacement of the silic.a layer reUlive to the 
gibhsiit layer; Mchmcl as showing that LnUoi/jitr eoini.t'-d of one hydr.atcd 
fiilica layer and ono gdibsitc layer ; Hoiiiaan, Endoll .and Wilm as showing 
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that woM/OTonVtoniVr oonfsisted of two silica layers and one {iihbsite layoi 
and. that bcidellite had the eame slriictnro inehidinp a variation of intei- 
planar distance with water content. 

Marshall was able to explain the diffei once between the chemical 
and X-ray forinnlro for monimortUoniU on the basis of base cxchanRe 
phenomena showing that in monlmoriUoiutr, the aluminium is largely 
replaced by magnesium and that nontionitc resulted from a leplaceinent of 
aluminium bj'’ iron. For bcidrUitc, he showed rejilaceniont of silicon by 
aluminium. Further, he stated, that in clays with a variable ci.ystoI 
spacing, there was looni for cotioii/t to move freely in and out of the 
crystal lattice at high water content. Whereas Marshall con.sidered that 
the lejjlaceable basis lie ehicflj’ in the cleavage planch, Kelly, Dore and 
Brownes considcied that the}' lie chieflj' m or on the surface's . 

It is these cr 3 'stalline units whioh in the presence of moisture u‘-ually 
take the form of colloidal gels, 

Properlica of (he, Collo^dnl Cloy minerah. 

The haolhi group is characterized by a veiy low base exchange 
capacity and jiracticall.v fixed inlorplanar spacinga. Knohmie may be 
obtained ns the end pioduct of the acid weathering of fcldJipars^ . Mf’mbers 
of this gioup are frequently found in tonipcraie zone soils sometimes 
together Avith the unidentified minerals of grouj) three More recently 
it has been found that if the members of this ginnp are artificinlly 
finely ground, their base exchange capacity is greatly increased®', 

KaoUnitc, nacri'fc and dtekite arc said to he void of plasticity, 
colloidal imbibition and not to foim gels.^ Ros-s'S elated that 
tho total moisture content of tho kaolin gioup is essential to the 
composition of the mineral and is only lost at high tempciatures. 

Minerals of tho monimot inoniie group are characterised by high 
base exchange capacity and a variable interplanar distance — varying with 
the moisture content. Their water is partly adsorbed and maj' be 
replaced by base.s. They contain more water than the minerals of tho 
kaolin group and loose more on being heated at 100 degrees eentrigrado. 
They are markedi}’ siliceou.s and easily dispersililo (highly colloidal) 
Grinding increases tho nniouiit of repinoeablo magnesium and, nccoiding 
to Kelley, Doro and Broivn -<> , the replaceable potassium and sodium in 
bcidellitc and potash bnntonUe. This group is largely found in tropical 
zones, especially in semi-and soils s® . It shows mniked plastic properties 
and high capacity for Avater-absorption. MonlmoiUlonite, according to 
Kelly, Doro and Browm, represents llio first product of tho chemical 
weathering of silicate minerals. 

Tlie members of the unidentified mineral group njipcar to bo 
similar to those of the montmorillonite groiiji oxccj)!, that their interplanar 
distanocB remain oonstant and do not \'ary A7it>]i water content. 

Tho hydrated ferric, aluminium oxide grouj) is oliaruotcristio of 
humid tropical soils. ' 

Hendrioks and Fry®^ state that whereas samplc.s of red soils Avith a 
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very low lafcio wpjo found to contain ifittrrVc 01 (jibbsitc moat of tlie 
liiglily fcimginou? soils oxnoiincd cont.iinc'd clav minprala of the hnlIoift,tte 
t^vpe and resemliled hnohnitic lumcinK m their shrinkage and moiatiire 
1 el ifions They — n ith Kellj’, Dok' and Brouii — stated that monhnariUonife 
formed the inajoi i‘onstitiient of most benloniirJt and betdrJUtR that of some 
btniomlc'' and man}’ soil clay fractions 


Kelly, Jenny and Brown-^ from a study of water relationships of 
minerals of known composition and crystal stuirtine — based on surface 
forces which aic ohaiacleristics of solids and are able to atti act water 
molecules — have been able to throw mueh Imlit on the factois governing 
the water relations of the soil’s colloidal particles both by analogy tind 
by experiment. They .show that soil colloids contained — 

(a) Water of crvstallizatton or OH-imis as part of the l.ittice 
itructurn — .m independent proof of their ciystalline structure — which they 
called ‘broken bond’ water or ‘fihUp'tr* watpi ns fcld^p'ir was found to be 
a typical pxamplc of tins kind of hydration 


(b) Loosely held lattice water which was driven off at lower 
1 cmperaturca than th.it of the pure inineralb which they called ‘planar 
water’ or ‘bentomte water’ after its chief exponent 

Further, their work suggested the interesting relationship that the 
ratio of watei loit at I.IO degrees centigrade to the base exchange 
canacity (Ca-oaturation) was practically constant 

Kelly, Dore and Brown^J, and Kelly and Jenny-’ state that the 
base exoLange capacity of laoUntfc ean be increased bj’ finding but 
not that of silica, piecipitated alurainiuin hydroxide and ferric hydroxide 
which have only vciy low base exchange enpaoilies In quartz the 
clectro-foiccs of the molecules are balanced and hence are electric.ally 
neutral except on the sin face. In othci sjhc.ites tliere are in the mineral 
lattice uiisatiified valences or electro lines of foicc which are free to 
ab.sorb bases. They explain the piesence of exchangeable bases in finely 
around Inolijiitr ns believed tiaceable to the f?-ions of the crystal lattice 
and, in the case of hrnloniif clnyj', they believe the ealton exchange 
power to be due to the presence of exposed [OH) groups. 

It is interestins to add Iioie that the modern conception of the 
cry^itallme character 'of the colloidal clay minerals largely upholds the 
old .sponge, vesicular or niicro-reticnlnted Ptriictnre of IJngch (ISSSj, 
Wilsden and Haidy (1923) 


It would therefore appear that the liypotlietiol soil salt forming 
the basi-, of the HelmhoLt double layei and the elementary conception of 
base exchange, is more correctly desenbed ns a colloidal sod mineral, 
often an impure form of one or more of the clay mineral.s, existing 
m the foiin of a gel and harms adsorbed on or in ‘t" 
adsorbed inside its .stiuctnre ions— more or less loosely held— available 
for exebanae Further, it may be added that the n’unj’er of ^ 
available for base exchange increases mtii ^ >>0 

particle due to the i dense or creation of forces and to the 

ijossibiUfcv, especially in the movimoTillovtlc g™np. of ffl/iow being ab^ 
to enter the inteiplanai mtcwstices of the crystalluie material trader 
attractive forces. 
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The prcsciioi' of the cniinns is due to unsntisfied valences or 
attmctivc forces arising out of the arrangement of tlie atoina in the 
lattice sliiietiirc and upon any breaking down of this .slriicturo icsulting 
in an increase of surface and unBatisfied forces The type of cftlioii 
to be found in the crystal stmctiuc will depend upon the relative sizes 
of the atoms and the mterplanav spacings, and the number of cnfiojiJs 
will depend upon their avaihibilitj' and the magnitude of their 
attractive forces 

In the possihle event of part of the soil complex being composed 
of unknown non-cryalalline material — it still is nob dohnilcly known if 
all the nintciial is crystalline — it is necessary to fall back, for the 
present, on the elementary conception of base exchange to account for 
its properties— as-^uiniiig that this material docs contain exchangeable 
10711 whiel) is of course unknown. 

Since silica, aluminium and iron ions are the most, icsistant to 
any change and since these are the prccinminant components of the 
clay fi action, it is considered that the Sjlt ratio or ratio of acidoids 
atnphnlyloidi should he of conaidciable value m soil investigation As 
seen from the above it represents one value of the colloidal particle 
but is not a complete specification. Jf the colloidal material wcie 
dec trod in lysed to remove tliv external leplacoable iom, the S/R and 
tlio silicojaJmiinivvi lutios determined with the replaceable magnesium and 
potassium after grinding, it Mould appear that a very complete picture 
of the clay mineral Mould bo obtained. 

KobiiifionJ considers that for soils or primaiy woatlioring Iho fust 
product, under humid li'inpcLntuic conditions, is a mixture of hydiatcd 
sihculos of tho gcnci al formula 

JtjOy 2SiOy xTIfi having a Bihcn/sesquioxidc ratio of 2. 

The value of base exchange to tho engineer is princijially an indirect 
one On the nntiiio and amount of the c.xchnngcablc cnfioiia depend the 
moisture rclntion-hips and hciicc the bearing, coliesion, plasticit}' and 
sluinkago values etc. This M'llI bo discu.sscd further after a consideration 
of the moistiiie phenomena. It will BulTieo tor tho present to consider a 
simple example or tM'o of soil stabilization. 

Two of the iao.sl dilBoult oliiy soils to stabilize arc natural Na — and 
Jl/j-clays The deleterious properties of iVn-soils are M’ell knoivn but not 
so those of t.hc jl/r/ -soils. Actually there may be little difForcncc betM'con 
the two Foi JoM' values of tho SjR latio, Mg-aoila m'jII have nil the 
disadvantages of the iVu- veils ivith the added one of permeability. It is 
only more lecent.ly that Jlf<7-clay soils have been studied. 

As rcgaids their moisture relationships pi obably tho only similarity 
liotM’ccn the tM'o lies in then hygi osooincity and possibly in tlioir Iom* 
shrinkage limits, both of which the author considers to bo important 
properties in .soil iiivcstigniion*io. 

Tho dclctoiious propertie.s of the iVn-clays may be represented by 
the ease M'ith which they, M'hoii disturbed, go into sunj}Oii.sioii or 
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colloidal solution, resulting in extreme cases of orodibility of banks or 
loss of the clay fraction in stabilization of road surfaces , thou lugli 
expansion and contiactioii ; their high moisture holding capacity , their 
extreme stickmess when distributed and saturated and their extreme 
hardness when dry. 

To stabilize their stiength, or stability, and their moistuie content 
to requirements and to reduce then shrinkage, the soil must bo stabilized 
both mechanically and chemically Mechanical stabilization consists of 
adding suitable material to give a desired proportion between the soil 
fractions and chemical stabilization consists m changing the nature of the 
clay in sucli a way ns to change the predominant cation and ensure a 
more constant and suitable moisture content m both wet and dry 
weather. The chemical materials used arc first of all electrolytes for 
changing the picdonimant cation and secondly dcliqucsccnls to ensure a 
suitable moistuie content duiing the diy'wcathci. To stabilize the 
moistuie content during the wet weather, suitable drainage, side slopes 
or camber and compaction to niiucimum density, and hence ensuring 
minimum pei eolation, are necessary to pi event the entry of excess 
moisture which would icsult in a loss of stability. 

From publications it appears that the most popular dcliqucscoiit- 
elcctiol5d;ea are sodium chloride and ealcmin ohlorlidc There are many' 
otheis moic expensive and hence less common A little thought vill 
show that NaCI is not ncccssaiily the most suitable material to add to a 
Na- or a Mg-clay It is true that the soil would bo improved during the 
dry' weather on account of the added deliquescent properties and to 
some extent during the damp weather by mercased impermeability due to 
the presence of sodium chloride crystals filling many of the pore 
spaces but the clay would be still a sodium clay. The best material 
IS apparently calcium chloiido which will m time, in whole or m part, 
change the surface layers of such a clay into a calcium clay and give 
to it the favourable properties of such clays though it must be again 
admitted that from the researches of Wmterkorn it appears this will 
depend upon the S/R ratio. NnGl is probably most efficient for use 
in (7a-clay<< to stabilize the moisture content, by its deliquescent 
properties, m the dry weather, thus reducing dust and giving a smoother 
and more easily maintained surface, and, by its swelling in the wet 
weathei, causing a decreased penetration of water. It would appear 
essential not to oveido this NaGl tieatmcnt 

As will bo seen from various discussions, the addition of calcium 
chloride m the liquid form, or its presence in a liquid form during 
rain if added dry, will result m a partial leplncemcnt of deleterious 
Na If the soluble Na salts displaced are earned away' in drainage 
this partial replacement becomes permanent Further additions of 
calcium chloiide will bo necessary to give a complete replacement and 
to allow for free calcium chloride to act ns a deliquescent It would 
thoiofore appear that more calcium chloride is required for a iVa-olay 
than would he icquired if sodium chloride had been used and the soil 
had been a calcium soil. 

If drainage is impeded, replacement will probably novei bo more 
than partial and the results will possibly not bo so good though the 
addition will still bo beneficial. 
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Another instance of the application of base exchange will bo given 
after a consideration of weathering and moistmc inoveraents. 

CiLAPTnn 0. 

MATTSON’S THEORY OF ISOELECTRIC WEATHERING. 

The general mcohanism of weathering has been discussed in Chapter 6 
but that review gives no indication of the nature of the secondary 
clay minerals which may bo formed under geologically prolonged given 
conditions of climate and vegetation The only leal and continuous 
theory put forward to explain the whole mechanism is that of Mattson. 
The theory may have certain drawbacks — it ccrtainl}' has its critics — 
but nevcr-thc-lcss it is a tlicory and one based on sound fundamentals 
backed by experiment. 

Those engaged in practical w'ork, whether it be in physics or 
engineering or in any other science, must have some thcoiy on which 
to base their investigations oven though that theory is, for the time 
being, known to be incomplete. Until a reasonable theory can be 
modified as required or supplanted by a better one, that thcoiy must 
form the basis for investigations, which perhaps lepresents the mam 
difiPcicnce between American research and that of some of the older 
nations. The Ameiicans certainly make use of the information available 
and leave criticism to the cleaning up squads. Rankine’s earth pressure 
formulae were u-sod for years, although it was perfectly well known 
that these did not apply to the normally found cohesive soils. They 
or some similar defective formulm had to be used or there would have 
been no scientific basis for the design of foundations. E.xpericnce based 
on the use of these and similar formiihc has resulted in research and 
the recent advances in Soil Mechanics. 

The fundamentals, iiascd on experiment, of Mattson’s Theory of 
Isoelectric Weatheruig are: — 

(а) Soil colloids produced by weathering and consisting chicfiy of 
silica, humus and the scsquioxidcs of iron and aluminium are, either 
elcctro-negatively or clectro-positively, ohatged. Whereas silica and 
humus act clectro-nogativcly, the scsqiiioxidc colloids net clcctio- 
positively in the presence of acid solntioiib and hence with silica and 
humus and electro-negativcls’’ in the piesenco of alkalin6 solutions. 

(б) Electro-positive and elcotro-ncgntive colloids can neutralize 
equivalent charges and thus precipitate each other in part but complete or 
almost complete instantaneous flocculation only occurs at or near the 
isoelectric pH of the precipitate. For any given mixture of such soil 
colloids, thoic is one and only one isoelectric pH i.e., only one resulting 
complex. 

This IS one of tho reasons ivhj' tho soil clay minerals aro so seldom 
found as pure clny minerals, though it must be admitted that the product 
IB not a final one but ivill change ivith tho pH or degreo of weathering and 
hence with tho time factor. As stated by Mattson “tho niako up of tho 
complex must be differont at. cac.h pH and in each new ionio environmont”. 
“We cannot unsaturato a soil by oioctrolysis or otherwise — ” (offcot of 
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prolonged acid M'eathenngl — "without altering the constitution of 
colloidal complex”. There is thus possible an mhnitc scries of soil 
complexes representing a continuous gradation in composition and 
properties. This is possibly the explanation foi Hendricks and Piy stating 
that the common constituents oi soil colloids were monUnonllonitt- 
heiddlite, ordovicion-benfonite and lialloysitc 

(c) The isoelectiic condition piescnts the most stable product both 
pbysicall}'^ and chemically and this condition is the tendency of any 
particulai weathering process Under such conditions internal electrical 
forces arc compensated and hence are not available to hold diffusible 
cahonft winch, therefore, are free to disperse into the surrounding medium 

This condition, though the ultimate aim and tendency’ in any 
weathering process, is obvioiisiv unstable as regards geological 
time since the pif will vaiy with additional w'eathermg The precipitated 
colloids will thciefore, in general, be electrically charged and possess 
exchange capacity. 

(d) The solubility of silica inci eases with pff and hence lonts^iion 
increases with the pH. lion and aluminium go into colloidal solution and 
ionise at a low pff value 

(e) Feme complexes adsorb and exchange more cations than 
aluminium complexes, i e , the}’ are moic easily hydrolysed 

(/) The propoition of sihcic acid isoelectrically piecipitatcd by 
alummium and iron inoi cases as the pH deci eases Alummium hydi oxide, 
being a btrongei base than ferric hydroxide, binds the greatest proportion 
of silicic acid at any given pH Aluminium silicate therefore forms at a 
higher pH than ferric silicate. Feme silicates hydroljze more readily 
than aluminium sihcates and are completely decomposed* at a lower pH 
value than those of aluminium. 

(g] Because it was found that the adsorption and exchange of cations 
at pH=7, bv soil colloids, inci cased with increasing acidoid to am* 
pholytoid latio, ilattson assumed, as the best explanation, that the 
aoidoids and ampholytoids exist in any soil colloid in paitial combination 
m compounds which are at the same time both aeidoid and ampholytoid, 
that the free and uncombmed acidoid valences constitute the seat of 
cation adsorption and exchange and that the free basoid fraction is 
responsible for anion adsorption. 

From the above it is possible to foretell, theoretically, the 
tendencies of some of the main and extreme forms of weathering 
and soil foraation processes As quoted from Mattson "Since 
now the isoelectric composition of this type of material — 
"(produced by tendency of weathering to form stable compounds under 
isoelectric conditions ) — ” vanes with the pH, we should expect a relation- 
ship to exist between the composition of the soil complex and the 
prevailing H-ion concentration of the soil solution. Tins relationship 
can, of course only be expressed under conditions of sufficient r ninFn.11 
to cause extensive leaching and then only m a very general way, 
because of local differences in climate, geology etc. Another prerequisite 
for such a relationship to become manifest 13 that the climatic conditions 
must have romained approximately the same for a long period.” 
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The theoretically determined tendencies are well borne out by 
evidence. 

The extreme cases of weathering considered were as follows : — 

Soils of the Arid Regions^ indudiny shdelal soils and some saline and 
alkaline soils. Coarse rode material and some of the material of the 
saline and alkaline soils are subjected to hydrolytic weathering (accelerated 
by heat in tropical and sub-tropical legions) in which fractions of 
the abundant bases, silica and the sesquioxides are set free. Owing 
to the allraline reaction silica will be easily attacked but not so the 
sesquioxides. The products of hydrotysis will remain in the soil profile 
owing to scanty rainfall. The small amount of sesquioxides liberated 
will combine with some of the silica and the remaining silica will be 
precipitated by the ample supply of bases present The soil complex 
will therefore have a high SjR ratio and be electro-negatively charged. 
Such soils are rich in bases, notably magnesium, and often belong to 
the Montmorillonite Group. 

Soils of the Humid Tropics. Owing to the heavy rainfall and the 
intense weatheiing, the bases are mobilised by hydrolysis and removed 
in the soil drainage. The rapid oxidation of organic matter into w'eak 
carbonic acid and water and its almost as rapid replacement ensures 
a small but constant supply of bases to the soil solution which is 
believed to remain neutral, or even slightly alkaline, in spite of the 
humid conditions prevailing. Under these conditions first ferric hydroxide 
and then aluminium hydroxide are set free but these, especially the 
former, are unable to precipitate more than a small fraction, if any, of 
the liberated silica Any silicates present undergo rapid hydrolysis and the 
soluble products of silica and bases are washed out. 

Such soils, rich in sesquioxides, form Red and Yellow Soils 
depending upon their degree of dehydration. They are sometimes called 
lateritic soils. 

Continuous weathering leads, in time to the complete removal 
of bases and to an acid reaction resulting in a process of podsolisation 
in which the sesquioxides are translocated to a lower horizon and 
deposited as oxides and silicates. With further weathering the aluminium 
may be removed leaving a vesicular hard soil rich in ferric oxide 
and known to the engineer as laterite. 

Soils of the humid tropics would therefore be expected to have 
a low silica-sesquioxidc ratio, low dispeision, larger particle size, low 
plasticity and cohesion. Under certain conditions kaolinite may be 
formed as a primary or secondary product. 

Soils of the Colder Humid Regions. Although the colder humid 
legions are productive of a strong acid humus, the hydrolytic weathering, 
owing to much lower temperatures, is very much slower, and smaller 
quantities of bases are liberated in any given time. The products of 
decomposed humus are more resistant to weathering and a strong acid 
leaction results w’ith a corresponding low pH. Under these conditions 
aluminium and iron will combine with any silica available. 

At loAver pH values, aluminium and iron become ionically mobile 
under strong acid hydrolysis and may be removed as humates leaving 
the white horizon, rich in sihca, distinguishing the podsols. 
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membiane and an oamo/ic force comes into play. During this condition 
water will be absorbed into the diffused layer and continue to enter 
till the osmotic pressure induced is equal to and is balanced by the 
electrostatic forces between the diffused tou >1 and the colloidal nucleus 

One result is, that as a sodium saturated clay is surrounded by a 
more diffused layer tlican a calcium saturated clay it follows that the 
former tends to absorb, by osmotic imbibition, far more water than f.he 
latter icsulting in considerably more swelling. Further, if the nature of 
the clay be changed bj' bi.se csohange then ^tho moisture properties will 
alter. IMattson reviewed other theories of swelling, and discounted them 
producing evidence in .support of his objections. He dismissed the 
swellmg theory or water of imbibition as duo solely to hydration of the 
ionic atmosphere, as experiment .showed the imbilied water is often far 
too great to be explained thus except, of course, in those cases in which 
the induced osmotic jire-^siire is small or zero Ho further dismissed the 
theory acei editing the cnoimoiis swelling of certain bentonites to their 
one dimensional or miciiceous structure by showing that a maximum 
swelling would lie expected, thcorcticallj% from a cubic structure. 

The principal difference between the two theories — the American and 
the British — ^lies m the respective meanings giving to the term hygroscopic 
water. According to tlie British view, hygroscopicily or the ability to absorb 
moisture fiom the atmosphere appeals to Iio a variable quantit}', varying 
with the tyiic of soil colloid and the nutuio and extent of the adsorbed 
ions, whereas from iMattson it would appear th.it hygi oscopicity, or uator 
held by molecular attmction, is practically a 0i)u*»tant for auy .soil and 
varies only with the nature and extent of the colloidal surface. It 
thus seems that the British hygroscopic water includes both j\Iatlson’s 
hygroscopic moisture audpaitof the watei oi otmotic imbibition. The 
loinammg water of osmotic imbibition, apparently, is classified as capillary. 

It may he added here that both osmotic.ally imbibed water 
and intcrplanar watoi arc respoasible for swelling and that in the 
latter instance the swelling may lead to the dcsl, ruction of the crystalline 
structure. 

Water of hydration or combined water is described by Mattson ns that 
of the liydrous oxides of nliiiiiinium, iron and .silica and of their hydrous 
compounds. He states that this >vater can only bo driven off by strong 
ignition. 

Kelly, Jenny and Brown-®, using air dry samples, and basing tbeir 
lescarch on data concerning the w'atcr relations of minerals 
of known composition and ciysfallinc structiiic, have been able to given 
more fundamental explanation of combined w’atcr based on the structural 
characteristics of the orystalliiic -.oil colloid.^. Working with tlie known 
crystalline minerals quartz and feldsjiars, lopresenting the linked 
tetrabedra type of structure, they found that most of the ivatcr came off 
at a temperature below’ four hundred degrees centigrade and that it came 
off at a moie or less constant rate. I’his type of watoi was called, by the 
authors, ‘ab.sorbcd ivnter’ or 'feldspar watoi’ affer its chief exponent. 
The relative rate of I0.SS Avas flic same foi all minerals of this t.jpe and 
Avas paid I0 leiiresent Avalcr adporbed on llic (Xiio.«cd buifaeeH. 
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Yor pyroplnj]iUc nnd »>u«con/r, on the other hand, tlieie wn^. a 
coinparativolv sinnll hut uniform lo-s in moisture nl temperatures 
belou' appioximntely five hundred degrees ceiitifiiade, Init at this critical 
point there was nn explosive-iihe lihcrntion repiesciUing the loss of 
‘crystal lattice uatcr'. Kaalimtc and halhi/silp arc lOjiiesenlative of pure 
clay inincrnlB of tins group. 

Brnfonitcf! and hmlclhlt, generally representing soil colloidal clay 
minerals, indieatcd a comhinaf ion of ‘a hsoi bed water' and ‘crystal lattice 
Mater’, the 'nhsorhed water* heing unifoimly expelled up to ajiproximatclv 
one hundred degiccs centigrade and the ‘lattice Miitei’ being expelled at 
approximately four hundred degrees centigrade For these minerals the 
'absoibed ivater' exceeded the ‘lattice watci’ in contrast to the results 
for kaohnitc, hullot/sitc, dtcl Uc and pytophylhlc 

Grinding of thelUc and rhlorite indicated an increase in the adsorbed 
watoi and the grinding of JrUhp'ir and pyrophyllite showed a leduclion in 
the tempcratuie nt mIhcIi crystal lattice uatcr was ejected with a 
reduction in the riystal lattice M'alcr and a corresponding incioase m 
adsoihcd water These results show that the total quantity of eoinhined 
water is difficult to nsrertain and that the two types of combined water 
aio in some instances, to some e.xtent, inlcirelatecl and variables of the 
crystal layout. The Inttci result is c.xplaiiied hj’ the modern conception 
of crystal structnie whidi states that the eorabined watei inoleciiles exist 
tLi {Onyioni. Grinding would theiefort* increase tiic surfai e-lio'd water 
and hence the absorbed watei inoicasus nt tlie expense of the lattieo 
water. 

Aa n icsult of the bailointc tests the authors sjilit ndaorhed water 
into two form.s — that typical of /eJdspoiA (foui linked tetrahedra) width 
they later described as *brokcn<hond water’, i, o that attached to frts* 
bonds or linkages on the Furf.ices, which eomes off unifoimly up to fom 
hundred degrees centigindo, and that lyTucnl of hentonitci (Si-O-Si planes 
of SIX linked tetinlicdial) which they later described ns ‘plniinr-wnter’. 
i. 0 . that loosely att.aelicd to hlniy fielda in tho cryst.al planes Fiom thi' 
point of view any crushing painllel to the plnnea caiisca a predominance 
of plnnni w ntcr and any cruahing across the planes causes a predominance 
of ‘broken bond wntei’. 

Combined water has been found to vary inversely with the SfE ratio. 

Hygroscopic iJIoisturc is that moisture nhicli is adsoibcd from the 
ntniot-phcre and held, purely by’ moleoulni attraction, close to the 
surface of the particle It is held by' vciy powerful forces whioh cnu«c 
compression in the pai title and theicfoie reduce the swelling. The 
thickness of this film, according to Mattson, is not greater than 4-6 
and corresponds to the range of molecular attraction. Its quantity is 
thought, by IMattaou, to be a function of tho surface and to be independent 
of the exchangeable bases though, again according to Mattaoii, its value 
foi soil colloids increases, in general, with the .silica-.sccqmoxidc ratio, 
which means upon the nature and aui face area of the collolda Baver 
and Ilornci found the Hygroscopicity to vary with the Sjli latio 
cspccinlly for medium humidities where the values weio apjireciiibly 
clfectcd by' the nntuie of tho exchangenblc ion. 
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According to the British school, hygroscopicity is the difference 
between the moisture content in n saturated atmosphere and when dry, and 
is measmed as the loss in moistuio in oven drying fioiii an cguilibrium 
condition in a saturated or partly satuiatcd atmosphcic of known 
humidity. Mattson, however, assumes hygroscopicitj', or molecularly held 
water, to be that moisture content responsible for the heat of wetting. 

It will be noted that although Mattson’s conception is perhaps not so 
clear as it might be, yet in view of Kelley, Jenny and Brown’s^® work the 
British method of measurement is open to criticism sinee m drying some 
of the combined water Mill be lost. If however it be found lhal 
hygioscopic water is the same as, or gently nioigcs into, combined Mater, 
then the definitions could M’llh advantage be made clearer by slatnii; an 
arbitraiy temperatuie dividing the two The same argument applies to 
the distinctions betM'een hygroscopic and os/nob'c M'atcr 

Bouyoucos®® found that the bygioscopic moisture of mineial soils 
could be extracted, in full, by alcohol, but that m the ease of mucks and 
peats flic hygroscopic cocfliciciit determined this way gave a value about 
one-thiid les.s than that found bj’ the oven dry method. He vepi esonted 
the diffeience in organic materials as due to loss of volatilch and to loss of 
water of decomposition. He deduced that probably all the hygroscopic 
moisture exists as physically adsorbed M'atcr or film Mater and does not 
represent any chemically combined M*ater. The objection to this is that 
we are really considoiing relative forces at woik which undoubtedly vaij’ 
with temperature. 

If hygroscopic water can be measured as that intake during M'liioh 
heat of wetting is manifest, then the distinction bctM'cen hygroscopic 
moisture and osmotic imbibition is clear and definite. 

Capillary M'atcr is that which enters the soil interstices or pores of 
capillary size and is retained or moves in the soil poics or voids under 
surface tension forces or surface tension forces plus the effect of gravity. 
In coarse soils with voids greutor in size than capillaiie.s or M^mn w.ntcr 
enters soil cracks —both instances involving no surface tension control — 
then that water is raoio correctly known as gravitational M'atcr. Such 
water is not considered hero as capillary water. 

According to the capillary thcorj'^ of moibtuic movement, the 
capillary rise from a free water surface, i.e., one at atmospheric pressure, is 
given, for a capillary tube of uniform diameter, b}' : — 

TT 4T. co.str 
“ ~ d. P. g. 

Movement up the capillarj’ tube to this heiglit ‘h’ is caused by tbo surface 
tension force between tlic liquid and the tube .surface and equilibrium is 
established when the suiface tension force is balanced by the force of 
gravity acting on the head of M'atcr in the capillary tube Tlio water in 
the capillary tube is in tension its amount varj'ing with tho height of the 
meniscus above the free M'atet surface. Analj’sis shows its maximum 
value to bo 4.T/d. Since an active force of this nature calls for a icaction 
equal and opposite, it foIloM's that the tension forces in the water must ho 
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ni'com]iniiio(l by cora]>ression foreo'j in tho (:ax)illnij’ Uibe tiansmiltcd 
from the water to tlie tube thi ough tho ndliciion between the meni'-ens 
film and the tube Tin’ll like the hygroscopic moisture, caii'-es a reduction 
in swelling. 

Actually, in soils the cnpillaty tubes me not of iiiuTorm diamcUr 
but. icscinble moie a thico duncnsionnl senes of inter .,eotmg bulbous lubes, 
'riiC'O cliangC". in cross bcclion effect the tapilkrj' height ns will be shown 
later 


In addition to Ibis roinplication and others ronoerning the general 
formula, wliioli leallv can onlv lefer to inert gianulni Biibstances, there is 
that iiitiodiiccd by the otimtic Mvelliiig. Osnw'tc swelling may bo so 
gicat ns to calico all voids to be filled with the swollen pr Mike clay 
material tliiis cliininnting all voids oi capillorits. In such an cvnraplc, 
as might Of cm with a siturated sodium cln3', there would bo no capillary 
inoistmc and, for the peiiod in wdiieh this statf* is applicable, ihcio w'ould 
be no moisliiio moveniciit by capilbiritv and hence, in the c.'i'-e of a road 
Eiiiface, no softening of the base from ibis paiticular ciuise. 


Ciiarmn II. 


THE EFFIXT OF FIIEE ELECT HOLY'J'ES ON THE PHYSICAL 

PHOFERTIEvS, 


111 the cIin)itor on JJap" nschanae it has been shown that a clay 
coiii|i]cx will eiitiT into c,vJinnge lelutionships with an electrolytic 
>• 01111100 . The ninoiint of CM.hnnge W'lU depend— ‘ni rtitii’ — upon dnunago 
clmraetciistics, moisture nioveincuN and evehange cnpacitj’ at the 
picvnibng pH. Under given ‘in gilii’ conditions the clectrolj’tic rofion 
will be adsorbed, 113' c.\cli.inge, up to a maMimitn amount. Any 
elcctiol3’tc 111 c.xco.'is of the nmoiint nctcssarv for this condition will 
romain free The pre>-oiicc of fice clccitolytcs is uccompanierl, in some 
instances, bv nimked ch.ingcs 111 the plivsical jiropertics such as 
hydiiitioii, swelling, jilasticil3* and colusion The general effect is one 
oi siippicssiuii of the pliysical properties though, it should be remembered, 
this is not invnii.iblc It sometime-, iicecntuates the piopcrtics but 
only to a very limited extent and over .1 limited range of concentrations^^ 
TTie offeof of clectioivtos 011 the Con* istency Limits has been discussed 
1)3’ Wmtcikoin'’'. 

Accoiding to Mattao.i the suppression effect of fieo clecti oly tc>3 
IS entirely duo to tho valence and coneontrntion of the electrolytic 
mtion It IS not due to any nciitiali/ing ni cleetro-slalic charges nor is 
it duo to cur suppicssion ot the disbociation othei tli.in that which is to 
be expected owing to 11. ebaiige in t>ip adsoibed vitwns In fact, iis 
]jointe'l out by Mittson, electrolytes 10.13’ incro.ise the dis-oci.ition of the 
colloidal complex. 

An interesting hictor brought to light diiniig Mattson’s icscai dies’® 
wa? that changes m the -welling and imbibition propcitie-,, brought 
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about by base excliange, only take place after a primary drying. Thus 
the addition of calcium chloride to a highly swollen sodium satuiated 
colloid caused no visible reduction in the shrinkage. It was only after 
the material had been diied and lewctted that its power to .swell was 
found to have been decrca-ed. 

The above discussion is useful for an understanding of the phenomena 
involved in tlie use of electrolytes in Soil Stabilization designs. 


Chvpter 12. 

SWELLING AND SHE INK AGE 

The swelling and shrinkage properties of a soil are of the utmost 
importance to the soil engineer both as regards shallow and deep 
foundations. 

In road work shrinkage crack.*; are accompanied by disintegiation 
of the road surface and du.sting in the case of earth loads. A crackerl 
road sill face permits rain water to enter the .subgrade or base ivhicli 
in turn ]cnd.s to a softening of the road foundation and a lo.ss m 

stabilitv. 

• 

The oltornato swelling and shrinkage of soil behind a retaining wall 
gives rise to ‘creep’ — a ver}' imiioitant factor in many parts of the world. 
Terzaghi^s recorded horizontal movements, duo to thi.s jihenoracnon of up 
to two feet. 

DiflFercntinl movement due to swelling and shi inkage may occur 
under a building foundation and lead lo buckling of the stiucturo 
resulting in ivall cracks and damage to the roofing and floonng Reoord.s 
show tliat the forces involved may be sufficient to cause complete 
destruction by slow and continuous disintegration. 

Reductions in moisture content, leading to slinnkasce, under deep 
foundations, due to a ■«'’ery dry .summer or a sudden change in tlie ground 
water level, may lead to the same icpult 

Swelling and slii inkage of clay soils are essentially dependent upon 
changes of moisture content — theio is no magic in tlie>>c phenomena. There 
IS, it is truo, another type of swelling and .shrinkage due to dilatancy®-*, 
or the thixotropic propcitie.s of .some fine grained soils, but this is more a 
mccliauioal than a physico-chemical effect. It repiescnts a sudden change 
in volume due to an artificial change in .state Iirought aliout by cxteinally 
applied forces, wdiercas swelling and .shrinkage i-eprcsont gradual and 
coniinuou.s changes in volume due to gtadiial and continuous intcinal 
forces caused by changes m inoi.stutc content. 

In the chapter on Soil Water, the moisture content of a .soil sample 
18 divided into, that associated with the aoil partiele.s, principally the 
colloidal pai tides, and that associated witli the interstice.s or Ciipillaiics, 
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Clinnaes ju Toliiino nccoinpany T.'iiiation<> in ninoiint.a of cncli of 
tho-ie types of water In tlio foiincr the change is a ph}’‘.ieo-ehernicnl one, 
wliilht 111 the latter the action is a mcehnuical one, clue to suifaec tension 
foiees having the chaiaetcr of an applierl piessiiro The moistuic 
associntod iiith the soil paitieic, i c , imhibitionnl moisture Tna,\ he of very 
considerahle importiinee in fine gtained allvalinc olay soils with alow 
water table Both hyproseopie and osmotic imhibitionnl watei— used in 
the Mattson’’® sense ns ninphfied by Bavci and Witilerlcoin‘®-nre responsible 
for hMcllinp and hhimkage. 

Hvfjioseopie moisture is nsiocinted with the suifnee of the soil 
pnitielo hut does not cause any displacement of the exoimngeahio ions ns 
oceiirs witli o’-mnhc hydintion. Its adsorption is nceompnnied by the libei- 
ntionofhent — the heat of wetting Biiver and Wmterkorn have called 
this type of ii^^diation as hyjrntaiion The water associated witli common 
culluidal ilayh thev asciibud as chiefly due to hydiatation; wliercas the 
h^diation of hunlonife and of sodium or hthiiim latiinited organic 
colloids was consideiod as appruinbly due to osmotic hydration. 

In otiiPi words the Iiydiation ofoidinarv elays is cliiefly due to llio 
mientation ol water inoleeiiles on tho pnrticlo suirnec due to tin* elcetrirnl 
properties of the liquid and the pniticlo siiifnee ns is found with non* 
hydrated sospeiisoids; w'lioieas with bentomtrs and similarly acting 
eompk xc's ilu- hydration is the icsult of osmotic Indration ns ehiirneterizcs 
tlie h,\drnted emulsoids Other einj’s will oeuipy im intermediate 
position and will linve properties common to both extremes. Mattson 
did not limit osmotic h^dintion to clnys in the presence of oignnic 
colloids. 

Bavor and Winterkorn earned their invc'<tigntinns further and 
nsciilied hydintation ns possibly characteristic of appioximatclj' spherical 
jiaitielcs and osmotic hydration as charnctcristio of plalo like 
particles Tins clear distinction, although iihoful to AVinU-ikorii in his 
fiiiiher reseniehc", would appear to be rather ovei-empliiihiscd, if the 
Mattson conception oi o'.molic irahibilion being in a greater or lesser 
degree ajiphcable to most clnv» be accepted It is felt lij the author 
that jilnne eleetrie licldi , cliiiracteiistic of plate lil:e pnrtielcs, and nppaiently 
necessary to account matlicmnticnUy for osmotic hydration eonld exist 
on nnguini particles which nie really inoro spheiieal in shape than 
planar. It is thought that at this st.igc, when there is renllj' little 
evidciice to hupjiort this statement, it is unwise to make this clear 
distuietion bctwei'ii Icnys The so-frequcntly found stslement that certain 
clays n<c ]i]alc like in shape often leads to the feeling that the 
deductions drawn from this fact are inconvliisive. 

Hjgioscopicily and llydratalion swelling were found liy Barer and 
Winterkorn to inoioase with the sihcii-si sqmoMde lalio and with the 
cxcli.iiigo capacity. Lntentie colloids, though they may absorb moistuio 
into their vesicles, do not swell. 

The}' also found for clnys .satin nted with dilTercnt iotus that the 
hydration decreased with an increase in teinpcinlurc Ilygroscopicity 
determined for a nuinher of hydrogen salinated clays at constant 
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liumidity showed a very rapid decrease with increase in temperature. 
This latter fact is of importance when co-nparin'^ the liygroacopicity 
of soils determined in different parts of the world. For satisfactory 
comparison it appears essential that soil jihj'sico-chomists should 
asceibam those results at a mutually agreed upon temperature 
or, at any rate, the temperature should be given with the data. The 
same applies in the preparation of the engineering shrinkage-moisture 
content curves, as the shrinkage limit woiiH, as a corollary, appear to 

he, a function of the tempera tiiio. 

• 

All intoicstuig point arising out of Ba^er and Winterkorn’s 
research is tliat when clay colloids saturated with the common ions 
were allowed to adsorb water the Li — ond .Vn — clays behaved like Li, 
Na and K saturated bentonite — the action taking considerable time and 
the amount of hydration being largo. /C-clays on the other hand 
instead of acting similar to ^a-olays as might have been expected 
fiom their dispcision values, resembled clays saturated with the divalent 
10715 *Ba\ ‘Ca\ and the monovalent ion ‘H’. With these ton.s the 
hydi'ation was comparntivel 3 ' small and instantaneous. The Li and 
Na clays indicated swelling by osmotic hydration m addition to swelling 
by hy'dratation. 

Whilst microscopic examination suggests tliat the absorption of 
vatcr from a free water surface is accompanied h}' a gradual increase 
in volume, Bradley, Grim and Clarke found, from an X-Ray Study of 
iho Behaviour of Montmoi illonitc upon wetting** that as far ns hygroscopic 
moisture was concerned there was no cv’-iclenco of gradual swelling For 
the range studied by them, they found that a senes of five apparently 
definite and discrete hydrates was foimed. 


Chapter 13. 

THE MOISTURE-VOLU.AIE, DRYING OR SHRINKAGE CURVE. 

A typical diying curve is sliown in Figure 19. 

Adopting the British system and dividing the soil moisture into 
that associated with the colloids, i.e. imbibiLional and capillary or 
interstitial moisture. Hardy “ gave the total moistuic as made up of 
qel moibiiirc plus vesicular moisturo plus interstitial moisture; where 
gel moisture is tliat of hygrosoopioiby for the given conditions plus 
comhmed moisture, vebiciilar moisturo is that absorbed in the vesiolcs 
of the colloidal gel (some of which may produce a little swelling) 
and interstitial moisture is the capillary and an}' gravitational moisture. 

These moistures arc represented in the moisture volume ourvm as 
follows : — 
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(a) The foity-five degree slope, AB*. lepreacnts the moisture held by 
gravitational plus capillary phis a fiaetioii of tlie vesicular moisture 

(b) The curved portion, BC, reproscnls the remaindei of the 
vesicular moistuie plus a fraction of the gel moistuie. 

(c) The lioiirontal oi ncail 3 ' horirontal portion, CD", lepieseiits 
the ipiiiaindcr of the hj’gioscopic moisture plus, under pie&cnt testing 
conditions, a small pai i of the combined ivater. 

• 

Between A and B tlio change in moistuie content is equal to the 
change in volume or the dccicasc in capillary volume 

During the curved portion, BG, the colloidal pai tides form a gol- 
Iike structuic vliich builds up a resistance to further slirinkiigc Betiicen 
B and C the colloidal particles aieinavcrj' high state of compiession 
and their resistance to further compression reaches a tnaximiiin 
m'Wim this range A pome is Snally reached when the colloidal 
particles fraclmc undci stiess. This is accompanied bj' u 
recession of the remaining capillai.v water to the centre of tlie specimen 
11 ith a sudden change in colour and the entry of air. This jiomt is now 
known as the shrinkage limit Piora B to the shrinkage limit the sticngth 
of the colloidal stnioture is being mobilised to resist further coiitiactioii 
la this range changes in moisture content are accompanied by a deei easing 
change in volume until the bhimkage limit is reached after which 
no appreciable change in volume nceompnnies any diaiige in inoistiiic 
content For practical purjicses the sbrtnkage limit is defined as the 
intersection pomt of the tangents ab shown in Figuie 19 

The connection between the end points of these three fundamental 
moisture holding ranges and the moisture limits of the Simplified Tests 
has not been coirclatcd, hut if the simplified tests generoll}' represent 
what they claim then some corielation should he both possible and 
instructive. Probably the reason foi this lack of coiielation lies m the 
proccduic of the two senes of tests w'lierehy the conditions arc not 
fitijctly comparable TJii.s point i-’ developed in the Cliapter 21. 

The author has eKcw hero' disriissed the possible relationship 
between the Ahniiluge limit and the hygi oscopicity or, perhap.s more 
accurately, the hjgroscopicity plus osmo/ic moistuie, hut wishes to point 
out here that B-iver and Wiiilerkoin’s results .show the extreme importance 
of the tcniiiciatiiic at which the hjgro«copic determinations aie made 

The soil engineer would like to he in a position to he able to saj’ 
that, ivlo])ting the M.ittsoii theory of hydrution, the curved portion BC 
of the shrinkage curve represented the osmotic hj dration and the end 
portion CD, winch is not neoes^ai ily horizontal, represented the hydration 
Unfortunately no convincing pi oof for or against this possibility has as 
yet been forthcoming. Iti.s a subject woitlij' of serious reseaich and 
the authoi is convinced that tins range CD IS of moif iiuportaiice to the 
engineei than its fi.\ntion of the tki tillage limit. 


*AB & CD repicseiit the liC{UirI and solid curvPH and BC the transition stage 
common in physical chemistry aud higher mathematics 
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Chapter 14. 

DISTURBED AND UNDISTURBED SOIL-STRUCTURE. 

As some cnirincei ing tests Jire perfoi'mcd on spcoinlly prepared soils 
.subjected to considerable manipulation, it is desiiable to consider the 
difference between an undisturbed soil and a disturbed one or one that 
IS likely to be disturbed. I’he engineer u.sbs both types and sometimes, 
])ossibly, does not differenliiatc between them Theii reactions to load 
and their moistuic movements aic very different. Rafts and isolated 
footings are usually constructed on undisturbed soil below the limits of 
more active we.athering; piles may be driven into di.stml)od or undisturbed 
^oIl but Avlieieas, in the latter case, some soil structures may be 
unimpaired by driving these piles, other soil stiiiotures may bo destro 3 'cd 
tempornrilj’.or for goocl ; earth embankments and dam-i aic constructed 
with disturbed soil and earth roads maj' be made of disturbed soil or 
they may be constructed on undisturbed soil which is likely to become 
disturbed 

Mo'st clay soils which the cngineci meets, other than surface layers, 
are ver^' old — even geologically; so. From the time of deposition of the 
coarser particles, accompanied by floeculntcd ones, a ooniplex network 
of arch structure has been gradually built up and cemented together by 
weathering processes. It<5 strength has been further morcased by the 
giadual process of natural consolidation which has occurred smoc its 
(Icpohition. This structural strength is veiy i cal, and if this stnictme 
be destioyod, as it is when the soil is disturbed, the resulting loss in 
sti ength may bo very considerable and is thought to be permanent. This 
loss is often recorded when driving piles into nerlRin clay types Other 
clay soils have developed a structure through the colloidal nature of 
their clay fraction. Disturbing such soils results in loss of strength hut 
much, if not all, is recoverable with lime. This effect is also often 
noticed during pile driving operations. Whether the loss in strength be 
permanent or temporary depends upon the chemical and physical past 
history of the soil The reality and iraportanco of this loss is often 
veiy forcibly indicated bj' the consolidation or compression test curves. 

The above type of soil structuic known by some as the mioro- 
stnicture has received much attention from tlio agriculturist as he is 
veiy interested in tlie maintenance or the creation if necessarjf of the 
particular form of crumb structure. 

Theie is another, a «!econdary effect of structure. Prom tlie Russian 
and American chemieal and physical point of view the meaning of structure 
is, sometimes, somewhat different.. These agricultui ists describe structure 
accoidmg to the grosser visible effects. Clarke ^ calls this the 
niaorostructuro. Every soil, on slightly drying, takes up a deBnitc elemental 
.structure according to the soil gi’oup to which it belongs. Tins elemental 
striictuio is of great interest, though little studied, and apparently depends 
upon the horizontal and vertical shrinkage properties of tho soil. 
Macrostructiire is discussed m considerable detail by Clarlte who also 
describes some of the typical structures i-hown by tlie various Soil Groujis. 
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There aic till cf' mnm Etiucturnl group — Giariiilor, including singh- 
ginin, nggiogale ginin, niitly, clod or lilock structure , L'olumnnr, 
including piiMnatic nnd columnar stnicliir'' ; and Plato, including 
f-rjunmoso ‘■tiuctuic It will bo noticf'd tlmt thi'- ‘-j^tciii depondt- ujion 
plivsical and olionncnl properties and i-^ cMdenccd thioii<!ti tlie related 
'.luinkaso propoitics. This is an important usjieit especially as tin- 
strurtuie remains nnd is to be found at any period of llio y^aily ■weatlicr 
eyele. One point ari&inu out of Ibis phenomenon is Ihat this stiudiire 
ought to he considered in the design of foiindnt ions Foi ojinniplc, one 
Avould be justified in assuming that a unll ri laiiiiiig a soil made up 
of laigish cubic blocks u on Id cany less hori/.ontnl load than a iriill 
siippoi ting a granular soil, pio\ idl'd it were known that the nioisiiire 
content ncvci readied a value productne of plastic yield. The possible 
vnnotion m tlio ratio of hoiirontal to vcrtital shrmkauc is believed to 
bo generally evidenced liy the mncio-stiuctiiio or iii the .shape of llie 
natuinl cleimnts. One soiy iiiteicstiiig csnniplc, though po-silfiy due 
to a tnotc complicated reason, is ihc or tetialifdtnl units or natural 
elements found in some hon/on- of London Blue Clay. A latlici .snnilni 
stniotiire is found in Slnwhn, Bunnn, wlicio it appc.irs that expatisian 
and contraition intreduccs dilatation sites^c- jiruduciti!: pii'-rns unh 
two face- inclined at angle- of njiproxiinatdy tliirlj degrees to the 
huri7ontal. In Shweho, shoai movement is fintlicr -liov.n in tin prnlilc* 
tiy obvious slip plane'. 

To return from the linitc natural element- to the infinitc-unallv 
small clay particU’s oi tiiirdl, % there is more to lesin fioin the ngneuUuri't. 
It is frequently slated by cngmecia that clay is made tiji of plate oj scale 
like particles ^^hu•ll aie icspon-ible for certain properties such ns phittr 
yield, eoinpiessiluhty and eln-tieity Tin- may he so hut tho geneial way 
m which It IS Hated liads one to holirvf that tin- )<! the only foim clay 
particle- can take and siijiii'-t<i that the Stntcinenl i- bn-ed on theiesnlt- 
ol a lew oncineeiing aiinl}te< on ceitaiii soil group- only, llie ngrictiUnris*. 
can tell us ib.al this toim IS not invnrinhly "found It is ro foi (crtniii 
alumino’SiIiOiiics but , day- and eollmds resulting fioin a laterisntinii 
piocc's have been found to tend to develop a .spheiicjl sliniie. IVliilsi 
Bpbcrical particle- c;in (vliihii no tendency to take up any paitipulai 
portion duinig or after depo-ition, seale like paitiele-, on the other hand 
have been found to tend to orientate on dry me, oi under pies-urc, to he 
with their Hat ,-infaii- at light angh*- to the pl.ine of iiiaxnnnni 
principle -Ire—, i e, houront.illy in the case of le\cl bedding. It i- 
icasoiiahfe to assume tiint natiiinl element- nmdo up of spheiical or 
Inminni parlich.s, or of paitirlcB whose sImjip- he hetwe-n tlicsc two 
limits will net as a magiufird particle liaMoe the .s.imo or dependent 
rlinracteiistics It is also feasible to n-snine that a sphetie.al paitiele will 

expand equally 111 all dirn tions vrhereas Imniimi p.irticle- will not. This 

aspicl 1- fuitliei coiuiidend in Chapter 1,” 

In general it appc.iis that . — 

(1) The '/iri7iiai?r fmii/ IS gre.itcr for an iindiHurbcd Fiiniplo than 
lor a di-luihcd one 

(2) The shearing rf-istmico is Kreatcr fot an undisturbed chiv 
sample than for n nianqiulated one. 
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(3) Disturbance inteiferes with the established capillaries resulting 
in a smaller swelling volume change for the disturbed sample. 

(4) For any voids latio, or inoisture content, if the sample be 
saturated, the load earned by the undisturbed sample will be gieater 
tlian if the sample were disturbed. 


CHAPTBn 15 
LINEAR SHPclNKAGE 

It is often assumed that linear shrinkage may be taken as a]iproxi- 
mately equal to one-third of the volumetric shrinkage but no mention 
is made of the possibility of a varying ratio of horizontal to vertical 
components Expeiiment suggests that an equal ratio of horizontal to 
vei tical shrinkage may he far from the truth and that the actual value 
appears to bo dependent upon the soil type The early results of resenreh 
indicate tliat for a natural element of sodium clay the hoMZontal and 
vertical shrinkages are not equal, but their ratio, instead ot being unity, 
may be of the Older of two to one in the undistmhed state With a 
natural element of calcuim clay the ratio appears to he more iieaily 
equal to unity The possibility of such variations was foietold by 
C4. R Claike from theoietical considerations of soil structuie. Claike is a 
soil chemist not ,in engineer. The author has reported elsewhere'*^’ 
on a soil in whicli this pioperty of an unequal ratio seems essential to 
help to exiilain certain movements in buddings. 

Claike considered this question from the point of view of its effect 
on the fonnatioii of the sod natural elements He based Ins paitioular 
analysis on the orientation pioiierties of sod particles, a claj’ whose 
natural element was observed to shrink raoic in a vertical direction than 
in a horizontal direction and upon differential wetting. 

If the ultimate clay particle be spherical in shape it will settle in 
any manner and tliere is no reason why expansion and contraction should 
not be the same in any direction. If, however, the ultimate clay particle 
be of platc-hke form, it is known it wiU tend to oiientato itself, in tunc, 
to he with its plane surface horizontal. -It is conceivable that such 
horizontal plates will swell in one of two ways or in a combination of 
both. The}' may swell principally by osmotic hydiation when the 
maximum effect would be expected to occur in the vertical diiection ; oi 
they may swell by hydratation wdien, owing to Us thinness, it is possible 
that the inaxiinum effect may be in a horizontal diiection. This of 
course assumes that hydratation swelling can apply to plate like particles 
which seems contrary to W^inteikorn’s mathematical reasoning. 

Another explanation is suggested by Mattson’s “The Law.s of Soil 
Colloidal Behaviour. VIII — Tlie Poiins and Pnuctions of Water”^^ which 
does not necessarily involve the scareel}' proven theory of the idate-like 
atnioture of certain olay.s. 

Assume a unifonii intensity of rain over an evenly graded area of 
ail easd}' dispersed and high swelling homogeneous clay sod. Such 
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downwtird capillary flow, as occurs, as distinct from giavitational flow, 
will hf* at a imifonu rate The dimensions of the area over which the 
rain falls may be considcicd as infinitely'- great compared with the depth 
of Oiipillaiy flow. 

(a) Conditions towards the completion of wetting, vide Figure 6. 
In any hoi izontal plane within the band of vcitical capiliaiy flow there 
will be no capillaiy meniscus and hence no change in the capillary tension 
and compression in the soil. Owing to oumofic imbibition and swelling 
the already small capillaries will lend, for a time, to become smaller 
instead of larger, introducing an increased vortical compression. This 
veitical compic-sion, winch is believed may be considciable, will in 
turn decrease the osmotic swelling. During wotting, therefoie, it 
appears that the hoi izontal swelling may exceed the .suppressed vertical 
swelling 


(b) Cmdttwn during drying, vide Figure 7 Diinnir drying thcie 
would be compression botli vertically and hoiizontally — the horizontal 
capillaries splitting into lengths as detci mined by the soil's resistance to 
shnnkase. It seems justifiable to assume that the hoi izontal capillaries 
will be longer than the vertical capillaries. If this be coircct then there 
would be a lendciicy foi the soil to buckle horizontally as woulcl along 
sleiidei strut unrlcr compression. 


C/tOUHO LINE 


Hit.— I'Jr 
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FIGURE - 6 FIGURE - 7 

The above suspected pbeiiommia have it.s applications m practice. 
If .1 soil swells more in tho vertic.al direction than in the horizontal, or if 
the swelling be equ.il in both diicctions, then the phenomenon is believed 
to be relatively unimpoitant Should, however, the horizontal swelling 
be greater in tlie honzontal direction the induced buckling effect may 
be disastrous for lightly constructed biiildiiigs. Diffeiential wetting and 
drying in.sy play an equally or even more important pai b. 

The author has reeoided a yearly up and down movement, in one 
part of a lightly con^t^uctcd Iniilding, of ns much as 0 85 inches. 

iStvelUng Picssiire. 

The phenomenon of swelling picssuic was very forcibly drawn to 
the author’s attention dining an investigation into the cause of ccitain 
failures of buildings constructed on a soiliuin-like clay soil. Whilst 
te.iieiiing for infoimation, details were found of the cracking of a 
reinforced concielc beam, held between two jnlcs, caused by tlic swelling 
of the soil under this beam during an overnight ram. Calculations show 
that tho soil, m swelling, must have impo-'Cd an avciage minimum load 
of over three-quarters of a ton per squaiefootto pioduce this ci a eking. 
Latei the swelling jiressure, for this soil, was nicasurcd by specially 
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designed apparatus and found to be about one and half tons per squaie 
foot in directions both parallel and perpendicular to the plane of beddnuj 

Kruyt'3 refers to the sw’elling piessnre of gels, and says that 
information suggests it is primarily caused by capillary suction in the gd 
stiiicture. He mentions Posnjnk’s measurements of the swelling pressure 
of raw Para rubber in different oiganic liquids which reached enoimoiis 
pressures for the ainount of liquid absorbed at the start. His nppaialus 
was, however, only capable of measuring forces up to seven atmosphere^. 
The Fieundlich-Po.snjnk formula quoted for the swelling pre.s.suie appears 
to be the osmoiic pressure formula adapted to the case of .solvated 
colloids, i.c., to allow for the diffused double layer chaiacterist.ic of soil 
colloids. 

Hauser"^ whilst agreeing that osmosis plays a part in certain swelling 
phenomena, considers the problem to be too com})lex lor any fundament.il 
answer, foi the time being 

The swelling prc.ssure is of importance to the engineer because, when 
appreciable, differential wetting means that the soil ivill load the .struciuic 
whereas, usually, the structuie is considered to load the soil Unless the 
building be strong enough to take this load the building will crank. It is 
problematical whether for such conditions a raft, other than a square one 
sjieoially dc.signed, can ever be satisfactory. 

Wintoikorn, in a discussion on the wafer adsorption and swelling of 
sodium clays, m reply to the question "Doe.s that menu that swelling 
would not take place in a soil with large swelling jiroperties and low 
energy, if the soil bo under pressure replied “Quite true. If the 
outside pressure plus the mechanical resistance to the entrance 
of water equals the osmotic prcssuie around the .soil paiticles, then the 
soil will stop swelling”. 

This, as legaids buildings, is the experience of the aulhoi’*. 


Chapteh If). 

COMPARISON BETWEEN THE MOISTURE’ CONTENTS, THE 
SWELLING & CONTRACTION OF SODIUM & CALCIUM CLAYS. 

Some very mlcrcating hygroscopic moisture lelatioiisliips woio quoted 
by Raver and Hornci *’ . The}’ pointed out that, for lov hunudit.ie3, the 
order of hygroscopic moisture content was : — 

Ca-Clay>H-daij>Na-daij>K-clay, ■whereas at high relative 
Iiumidities the order was partiallj' reversed in : — 

Na-clay > H-day > Ca-dny > K-eXay, 

For medium huniidily values, they quoted : — 

H-clay > Ca-day > Na-clay > K-dnij. 
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Tilt* pie^encp of ‘'Odiinn amongst tlie exchangeable loii'! tended to 
loivci the hj’gro'^copicity cspeciallj' at loiv humidities ivhereas it was 
inci eased by B, Ca, and ton/t 

It would appear that these lelalionship^ should be kept in mind 
when pcleolmg a dphqncscent material for use m stabilization woik. It 
suggests a slight general advantage m favour of the use of calcium salts. 

Anothci point leferrod to in Bavor and Homer's paper was the 
difficulty in understanding why 3Ig - and Ca - clays often contained 
moie water than Li - and Na - isatniated clays, whereas one might 
expect the levcrso They nsciibcd this propmty .is due to variations in 
the ionic ladii. It is true that their results apply only to hygro^.copie 
.iiid combined watei hut an examination of published data reveals that 
■aomo alkaline sods may not only abso>‘b less water than calcareous sods 
but may actually show Ic-iS swelling or aliruikigo It is only intended 
luTO to restate some of the contiolling factors influencing the results. 

(a) The i esult«. lor undisturbed sods will be very different fioin 
tlioae for disturbed sods, such as poivdered samples, which may be used 
for the lahoratoiy deteimination of certain water relationships The 
difference is due to the destruction of the soil structure, tlio creation 
of largei poic solaces and the cioation of a completely diffeient capillary 
system The higher watei hunts dctcnnincd for ascertaining the amount 
of water held or the shrinkage for site and lahoiatoiy tests will thus 
vary very eonsidciablv Tins upper limit can, in the laboratory, be 
detei mined by a number of cmiuncal tests luit in the field the agncultural 
Pield Capacity test is undoubtedly the only Satisfactory one. 

(b) The lower limit, taken as the slninkagp limit in engineering, 
which is believed to bo K'latC'd to the hygroscopicity, also depends upon 
whether the sample be distui bed or undistui bed though the difference is 
now very much smaller 

e 

(c) The dilTci once Ijetweon these two limits gives the water uptake 
piodiietivo of sin ink age. The relative amounts will depend upon the 
pioccdnrc adopted The shin ikage depends upon this difference times a 
quantity' equal to the apparent density of the dry sample which agam 
depends upon the state in which the sample is tested. 

(d) When an already dense alkaline clay absorbs water 'in siiii’, 
fioni ii free water snifaec, ovnoiic swelling may be sufficient to fill 
eom])letely the voids and capillniics leaving no looniforaiiy capillary 
ahsoiption Tins will have the effect of i educing the inoistui c holding 
capacity The time interval is also iinpoilHant Wintcikorn found that 
with powdered samples of raonionic Putnam colloids it took 150 minutes 
before the Li —and iVa— satuiatcd ‘'amples were able to take in, per gram 
of colloid w.itoi equal to that absorbed by Ca — and H — saturated 
sample-. The inoistiue content foi the lattci samples had then reached 
aiipiuxiinatelv then niaxiinuin values whoieas tlie foimer continued to 
absorb watoi up to a period of 4320 minut*;-, before they icached their 
apjiroxiuiate inaxniiiim values. 
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(e) The swelling depends upon the amount of colloidal clay and the 
swelling, in c. c. per gm. of colloid, increases as the S/R ratio increases. 

(f ) For monionic -soil colloids the swelling, for any given colloid, 
decreases in the general order : — 

Na > Ca > H, provided the swelling is not in any 

way suppressed. 

(g) The combined water decreases as the SjR ratio increases. 

(h) The hygroscopic moisture mcreases as the S/R ratio increases 
and is effected by the nature of the exchangeable ions. It increases with 
the humidity and decreases with increase in temperature. The hygroscopio 
coefficient is lowered by the presence of K and Na but is increased by the 
presence oi H—,Ca— and Mg — ions. This apparently applies to all but 
high relative humidities. 

Ill hot dryish-zones, where alkaline soils aro frequently found, the 
moisture contents probably fluctuate between the limits of hygroscopicity, 
which in such cases would be low, and full osmotic hydration. Such a 
lange would entail a full cycle of ‘in situ' swelling and shrinkage and 
accounts for the large cracks to be found in these soils. In the more 
temperate regions, where calcium soils are more plentiful, the moisture 
contents normally vary between values both representing the presence of 
capillary water. In such soils the changes in volume are due to 
capillary forces and, though the magnitude of these changes may be 
creater than those for alkaline soils, they do not, in general, crack except 
during^ very dry summers. 

SideriG*', working with a columnar solonclz found that for powdered 
samples screened to pass a 0.25 m.m. sieve, the average adsorption 
■water was very slightly increased after a preliminary saturation with Na 
and slightly decreased when treated ■with Ga. His values for undisturbed 
samples were much lower than for any of the powdered ones. 

In contrast to these water adsorption results, he found the s^wclling 
volume change for the undisturbed sample to be ajiproximately double 
that for the pulverised. 


Chapter 17. 

VAPOUR PRESSURE. 

In addition to gravitation and capillary movements, water may 
also move through a soil in the vapour form. Levedev and a few others 
have drawn attention to the imjiortance of this mode of w’ater transmission 
in some soils but little serious research seems yet to have been devoted 
to it possibly because of its relative unimportance and extreme slowness 
in other soil groups. 

To give some idea of the mechanism involved a few of the laws 
concerning vapour pressure are reviewed. Some of these involve the 
presence of curved surfaces. Now 'these curved surfaces are present m 
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»oil watci in several forms. There i*. the ooncave suiface as>.ncinted with 
the ends of the capillary fringes both at the surface and .above the water 
table. Concave surfaces are also prp.sent in tlie water w'edgcs wlucli may 
occur between soil particles, whilst convex surfaces exist in the 
imbibitional water suirounding the particles. As tlic convex sut face-, 
surrounding tlic particles and the concave surfaces between the particles 
can nppaicntly coexist there appears to be an anonialy heie which has 
yet to bo explained. 

When the diiToreiit phases, nie in equilibrium : — 

(1) For a concave sin face the vapour prossine just above the 
SHI face cxoecds the presMurc just inside the mirfacc by 2 T/r ivhcre ‘T’ i^: 
the BUI face tension and h' is tiic radius of tlie surface 

For a convex BUI face the vapour prosMiic just nliovc the siiifacc is 
less than tbc pressure just inside the surface by tlic .sanic amount 

(2) In a closed surfueo, free from any gas oilier th.ni tlic water 

concave r less .. 

v.ipoui , the vapoiu piessure over a siirtacc is tnnn tiic 

*• * ‘ convex Liter 

( o \ 2 r 

- — - j wlicic o =dcns‘ity 

of the saturated vapotii and 

P =den&ity of the liquid 

Ifanincit gas be present, in addition to the water vapour, .i 
collection IS necessary. 

Either of these two conditions may oicui in a hod during the 
wetting and drying htage‘- 


Qondenwtwn. 

(o) Will occur over a concave or convex surface when the vapoiii 
pressuie is gi cater than that required for the conditions of equilibrium 

(6) AViIl tend to occur in any moteiinl containing fine capillaue« 
which possess the pioperty of being wetted by tlio liquid This may 
occur even when the vapour is unsatuiatcd. 

(c) May take place on flat surfaces "when the vapour is saturated 

m 

Vapour pressuie conditions aro the controlling factoi in tlic use 
of deliquescent materials in Soil stabilization woik 

The vapour piessure over a solution of calcium oliloiide and w'atcr 
iH less, for given conditions, thon that over watei alone, so that there is 
less tendency for the calcium chloride water to evaporate. For the 
period 111 which the vapour pi c^suic of the c.alcimn chloiidc solution i® 
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less than that corresponding to the relative humidity, the solution takes 
up moistine from the atmosphere until the vapour pressure of the 
solution is equal to that of the relative humidity. When the temperature 
rises the iclative humidity drops, ivater evaporates from the solution 
until a new equilibrium point is i cached, though the action is sloiver than 
with water Similarlvi as the temperature decreases or the relative 
humidity incieases, water is absorbed. 


Chapter 18. 

THE VER'riCAL MOVEMENT OF MOISTURE AND WATER 

IN SOILS. 

The way in which moisture and water move in soils is so readily 
assumed and yet of such obvious importance that some discussion is not 
out of place. 

Very little is as yet definitely knoivn about moistuie movements in 
cohesive soils — whether it be by percolation of gravity water, capillary flow 
or by distillation. Even the meaning of the level of the water table 
leads to dispute and another term — the phraotie surface, i. e. the level at 
which the soil water is at atmospheric pressure, has been adopted to 
claiify the position. 

In temperate climates it is readily supposed that the raising of the 
water-table, i e. the level at which water ivill stand in an open well, is 
due to the addition of water by seepage during a rainy period. This 
contention is, in general, disputed. It is correct in the case of 
cohesionless soils and may be correct for clays in arid regions where the 
soil is riven by deep ciacks. It may also bo correct for swampy soils ivith 
a liigh phraetic surface. 

The one school maintains that the rising of the ground ivater is due 
to direct percolation or condensation ; the other school maintains that 
it is -due to variation in the pressure conditions within the soil. 

King^^ (in a most rcinaikable paper publiBlicd in 1898). Harris and 
Turpin^* (1917), Ototzky” (1921), and Lniscn'^ (1933) have all demonstrated 
the pressure theory, whilst agreeing, in principle, under suitable conditions, 
to the tcmpciaturc gradient flow, i. c. from a wai m soil band to a coolei , 
of Bouyoucos. Tliey all agree that unless the ground water level (or the 
])hraetic level of Ototzky and Larsen) is shallow, there ahvays lies 
a non-saturated or dead layer between the capillary zone overlying the 
ground water and the temporary onpillary zone created at the surface 
during rain or anj' temporary inundation. 

Ototzky stated that infiltration due to rain to considerable depths 
Avas rare and then only occurred when Ai'ater could remain on the surface 
or where thei e were fissures in the soil. His extensive observations 
shew' that during rain the well level was depressed and that it ivas not 
till after a storm that the leA'^el rose. In the event of a storm and no 
rain, the level w'ould rise and not fall. 
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The extent of the temporary capillary surface zone following a rain 
iftrely exceeds fire feet, it might be negligible, and its maximum influence 
on the moisture content of the soil seems to be limited (presumably only 
in oohemre sous) to a depth of six or seren feet anti only occurs then 
^ hare appaiently no appreciable 


The soil air, owing to the fineness of some (cohesive) soils, may move 
very slowly and may be, in effect, entrapped by the soil grains and the 
soil moisture. The degree in which the soil moisture can hold the air 
depends upon ^ the pressure With a decrease in pressure air released 
expands and is free to act on the soil water producing a downward 
movement of the phraetic surface and expelling iratcr in the vicinity of 
any well«>”. ’’ 


PiesMire conditions in the soil may bo clianged by variations in 
barometric pressure. King found that an increase in barometric pressure 
of one inch caused a depression of five inches in the ground water lore! 
(well level). The phraetic level, owing to increase in piessure, is raised 
and not lowered . 

This hypothesis has considerable support and undoubtedly helps to 
explain many observed phenomena but, as pointed out by Russell,*® 
certain ob8crveri> have been unable to prove the theory by direct measuic- 
ments of pressures, possibly, it is suggested, because, in their case, there 
were certain local conditions arising, which invalidated the hypothesis. It 
is again stressed that each soil must be considered on its own merits, no 
two soils are exactlj’ alike and the difference between the soils of difference 
groups IS very considerable. 

Capillary Moishire. The question of measurable downward capillary 
movement has been gcnor.ally discussed .above. That the extent of 
downward movement in cohesive soils is often very limited, though aided 
by grovity, has been shown by many observers and is now generally 
accepted. 

The reasons for this are as foliows ■ — 

(a) The presence of any impenueablc layers. 

(b) TJie creation of an impermeable layer by hydrolysis. 

(c) The formation of a surface mulch which may prevent the ingress 
of moisture either by the chemical formation of nn impermeable layer or 
by the physical means of the entrapment of air boloiv, 

(d) The slowness with which water enters o diy soil. 

On drying, the surface supply of moisture is lo-'t and the downward 
capillary flow ceases. The capillary moisture near the surface is lost by 
evaporation and tho rest remains for a considerable time as suspended 
apillaries subject to thermal movement. 
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UiwxLid Capillary Flow. The way aiid the estent in which thi& acts 
is very deflnitclj'' a function of the soil type. The manner in which it acts 
is unsettled ; the extent is known to be more limited than that of 
downward capillary flow and various investigators would appear to limit 
its extent to about foui or five feet for cohesive soils. 

Possibly, the reason for the doubt in the way it acts is due to not 
dividing up results into those applicable to a shallow phi actic surface and 
those in which a dead layer occurs. If this is done it would appear that 
in the first example moisture rises from the phraetic surface in the usual 
capillary manner and replaces moisture lost by evaporation. In tlic other 
example evaporation is replaced by capillary moisture, not by the upward 
movement of the capillary frmge, but by an evaporation from the upper 
surface of the capillary fringe which gradually recedes into the soil. 

The upward movement fiom a deep phraetic surface acts similarly to 
that of the movement from a shallow phraetio surface, only its extent would 
appear to be further limited by the abacnec of possible freedom of air 
circulation by which an upward movement would entail the creation of a 
partial vacuum retarding the capillary flow and also by pressiiie conditions 
within the dead layer. There is a further limitation imposed by the-- 
diameter of the widest poio space as opposed to the narrowest m 
downward flow. 

The above considerations of capillary flow strictly apply to the 
ooaiscr oapillaiies, conveying moisture in quantities and at rates which 
can bo measured. Movement in the finer capillaries, should they exist, 
ib much slower. Both rate and quantities arc diflScult to measure. Here 
the action seems to be similar to that of distillation. 

Any moisture reaching the water table by capillarity or distillation 
raises both the phraetic surface and the woll level, ’as opposed to the 
unilateral effect of the variation in pressure. 

The Bouvouco/t Effect . — Bouyoucous demonstrated that, under ceitain 
conditions of moisture content, w'ater mil move, in a homogoheous soil, 
from a warm area to a colder, due to dilForonoc in surface tension 
forces at the extremes of the moisture belt. Einorson'*^ used this phenomenon 
to suggest that the thermal movement of capillar)’’ moisture is alway.s 
in ail upward direction. It may possibly be so under certain conditions 
such as a shallow phraetic surface and with certain soil ty[ics under 
suitable climatic conditions but its general application is hardly 
creditable. 

Distillation Is an extremely important pbciiomcnon and gains in 

importance as the soil approaches an arid type. Though recognised for 
some time, this effect received little attention till revived by Lebedev so.si 
in 1930 and Cbuptal in 1934. 

Distillation is a movement in water vapour form and is controlled 
by conditions of vapour pressure. It is quite distinct fiom capillary flow. 

Movement of moisture by distillation or transpiration occurs due 
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to changes in the vnpoiir pressure of tlic soil nii -moisture system 
■\ntli fho ‘a prion’ that as long ns the noil contnins moisture above 
tlie maximum hyproscopiciby the relative humidiLv of the soil nir«water 
system is lOOpeiccnIj that the more arid the soil the less the relative 
humidity of its nir, that the vapoui pressure increases with temperature 
and that the soil aii nnd the atmospheric aii nie two distinct phases. 

‘As long as the vapour piessurc of the soil nir-moi-itiire is greater 
than that of the atmosphere m conlaet with the noil then evaporation 
occurs nnd 'vice veiaa’. 

According to Jvcbedev , his results for and soils indieated that 
for such soils — 

(1) When the moisture eontciil e\cei*d‘' the iii.iximura 
liygrosco]iicity; — 

(a) In all seasons, except w inter, nioisliire is cvajioratcd from the 
surface during the day At night, owing lo tin' cooling of the -oil 
surface, the vapour pressure of the siirfaec -oil is, in many case-, le— 
than that of the atinosjihcrc nnd, in siieli instances, vapout enter- the 
soil nnd condenses 

(h) Dming winter the distillation movement was found to he 
upwards 

(2) Wiicn the moieluro content is less than the innxitnum 
hvgi o-copicity, which is bcldom so for n depth greater than two oi 
three inches, moisture eniiied by the hiiinid monsoon winds enteru the 
soil in veiy considcrnblo quantiths If the soil vapour pressure i- 
greater than the atmospheric vapom pressure there will be some evaporation 
which rapidly dcoronscs. A diy soil loj’er is muI to derieasp and possibly 
to prevent evaporation. 

Vaplur entering soil from tlic atmosphere conilcnses but is still 
available for inovemcmtas pie-suio conditions olinnge. That is, it moves 
according to temperature gradients. Tlie-c gradients vaiy due to daily 
changes in tcmpcratuio and the seasonal lag. Thus in wintoi the 
general movement is in an upward dncction, wliilst in summer, dining 
the day, moisture is lost both upwaids and downwards from the surfaeo 
layer, and, diiiiiig the night, the surface layer receives inoisture both 
from the atmosphere and from the soil below to a depth corresponding 
to the level of the mnximuin soil tcinpcratme. Tins hand of inaxiiiiuin 
soil tcmpemtuie loose- moisture Iioth in an upward nnd downward 
direo.tion. 


Lebedev stated in anotiicr paper that su-pended capillaiics could 
not use to replace mo'aturo lost by cvnpoiation, iinle-s then moi-tiirc 
first turned into the film slate Ho further e-timated that the daily 
movement of capillary moisture due to tempeialure changes was very 
small and that in the and legioiis teated mo-t ol the water movement 
was due to vapour movement 
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According to Keen , daily fluctuations of temperatiii e practicallj' 
ceased at a depth of throe feet and that this layer is subject to seasonal 
fluctuations only The aaine figure is given hy Vageler . The more modern 
feeling amongst some am horities is that in tropical areas the seasonal 
temperatuie fluctuations may extend down to from twelve to twenty feet. 

Chaptal’s adsorption theory ** , though stated hy him to he di.stinct 
fi om distillation, appeal s to be a special case of Lebedev’s water vapour 
theoiy. According to Chaptal, considerable amounts of moisture, 
especially m hot climates, can enter the soil even when the soil is warmer 
than the air. Movement takes place by soil adsorption of hygroscopic 
moisture and appears to fall in with Lebedev’s case of moisture content 
less than the maximum hygi oscopicity. 


PART in. 

Chapter 19. 

NOTES ON PIIICTION, COHESION. HYDROSTATIC UPLIFT 

AND DILATANCY. 

A Jicsistance to Slidmj oi Svpiurc, iction and Cohesion. 

1. Friction 5^, is the mechanical resistance to movement when a 
lion-sticky mass is about to move, without rolling, in a direction parallel 
to some applied line of force, across another or similar mass. The formula 
connecting the weight 'W* of the mass about to be moved and the applied 
force *F’ producing this condition may be given by : — 

F=p,. W., where ‘p,’ is the coefficient of fi iction between the two 
surfaces — siinilur or dissimilar ui composition or 
homogeneity. 

For coliosioiilcss soils, about to sheer along a surface within tboir 
mass, tins formula is not always correct in so far as the value of ‘p,’ may 
be found to vary instead of being constant— a fact which goes far towards 
explaining the reasons for the long discussion which has arisen over the 
angle of friction and for the difference between the old angle of repose 
and the new angle of internal friction. 

To take n very simple cxamplo, assuming the material to be clean, 
coarse, sharp sand, it is obvious that the particle of sand ‘a’ m Figure 8, 
representing an uncoiiipacted condition, would require a greater borissontal 
force to move it parallel to the line of the acting horizontal force over tlio 
giaiiis ‘b’, ‘c’ or ‘d’ than would be required under the conditions 
illustiated in Figure 9, where the .sand particles have been previously 
compacted, the interfaces are more regular and the vertical component 
of movement is eliminated*. 

*A11 soil grams including clays tonrl to eonsoliilato with thoir two longest axos 

at right angles to tho comparting forro oi mnxiinuin principal stress, Honco with 
compacted Hands thoro is httlo diiToronce in shearing strength between nny two 
jilancs but with clay tlicro may bo n considornblo differonco owing to tho plsto like 
foimation of many clay complexes. 
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And yet both conditions may otcnr dining Inadiin;, but nhcrcns the 
foiiiior bears n rcspinblanco to the det-oiminntion of tin* angle of friction 
from the ‘angle of icpose’, tho latter is more truly representative of 
loadings of, saVt greater than one ton per ncjiinrc foot ns met nith in 
dc‘*ign and corresponds more to the much smaller 'angle ol internal 
friction’. 


Tho question of interlocking, or the degree of eompaetion, must 
obviously elTect tho angle of friction. This is a general condition and 
applies to sliding of like or unlike bodies over each other. 

For a solid body, sny a stanchcon base or tho Inso of ii reinforced 
eoncrcte I ctaining wall, constructed on a cohcsionlcss incdiiini, another, 
though eloselv allied, factor arises. For increasing ranges of vertical 
loading the following tj^pcs of potential failure, under a horizontal or 
shearing force, nrisc : — 

(a) Conci etc over granular material 

(h) Granular materi.il (that just below the be,iring nre.a) over like 
granular material. 

(c) Formation and sliding of cone or irwlgc of shear in the 
granular material, if Mich n cone or wedge can be formed, i.c. 
wliere tho .«i/o of the base is very large compared with tho 
gram size For smaller ratios or relatively large sized gnains, 
Mieli as large gravel, interlocking, nrehing and the shear 
rrsistance of the grains causc-s tlic formation of a truncated 
rone siqiport, on spicad lines, almost monolithic with tho 
foundation, which under licavy loads make shearing or 
sliding almost an impossibility. Tlio force of this was 
demonstratc'd in some e.arly ciperimr'nts on shear (1928) in 
which the author p,*trticipatcd. 

For granular matcifils, the general shape of tho vertical lond- 
horizontal shearing force diagram, for low vertical load was : — Sec 
Figure (10). 


EtcuKefo 



HOTC 

Trtr AI>l!Ar,ctB rcK 
aHC*Kii*o TO eceuo >v 
T/tC eKANULAKMArtItlAt 
TUt AtAllhie AKtA 


This was expected and the value of the angle ‘if,’ detcroiiued 
corresiiondcd closely with tlie angle of repose. 
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When, liowevcr, higher vertical loads were used the giaph became, 
for sand, either that shoivii in Figure (11) or that shown in Figure (12). 


FIGURE //. 



FIGURE. IZ. 



where the more usual condition as illustrated by Figure (11) was not 
anticipated. The soil had an apparent cohesion. 

By carerul repetition of the lower loadings it was sometimes possible 
to obtain further points on the extension line AC of Figure (11) indicating, 
that in piacticc there migiit be little difTorenoe between friction and 
cdliesion and that tlie two were, to some extent, bound up in each other. 
This aspect is further considered below. 

The angle ,/,i Figure (11) is the true effective angle of ‘internal 
friction of,’ and not ^ which coricsponds closely to the ‘angle of repose’. 

In well conducted modern tests the difference between the slopes of 
OA and OB, of Figure (11), is said to be due to interlocking and 
compaction, where the compaction is completed by the time the vertical 
load ‘A’ is i cached. 

Another explanation for this discontinuity at ‘A’ is ventured, which 
may have a much closer relationship with ‘in situ’ conditions than modern 
tests, though the two explanations arc closely allied. 

Throughout the range of loading OA any sliding, or teiidoney to 
slide, occurs over the diioct interface between the load and the loose sand 
or by shearing along a plane in the loose sand close to the inteiface, 
depending upon the condition of the interface. This was observed in the 
small scale experiments. By the time the load ‘A’ is reached the shear 
cone or wedge is formed and tends to become monolithic ivitli the loading 
area — the degree depending upon the roughness between the bearing 
area and the sand and on the applied load. Any movement or shearing 
Ihen requires that the wedge of shear be moved bodily with the loaded 
.It ca and an approximate condition of normal shear along the interface 
over a confpacted sand is similatcd. An examination of actual failures 
shows that this condition docs occur in practice. 

To take a fictitious example, wall ‘A’ is considered to bo a 
heavily loaded party Avail and reconstruction of an adjoining building 
might require excavation down to or below the party wall foundation. 
Figures (13) and (14) represent the conditions before and during 
reconstruction. 
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It will be scon that the result of excavation w ill be to diminisli 
or reduce to zcio the resistance R 2 Acting against one side of the 
wedge of shear already formed Hence unless suitable timbering i‘< 
designed to take the earth ])rcs«.ure on the wall plus the horizontal 
component of (R|—R,) plus an}' other secondary stresses, then a special 
case of conditions similar to those oociirnng along the line AB of 
Pig. 11 IS introduced and failiiic may occur. Similarly the vortical 
Component of (K— Rj) must Iw? considered Such a failure would be 
represented by Pig. 16 (dotted lines) in which the shear cone 01 wedge, 
in a rounded form, follows the loaded area or foundation. 


F/GOfte J5 



The condition shown in Fig 12 U a possible concomitant of any 
small scale te^ts not controlled by modern dovclopnicnts in testing 
apparatus, tliough it may conceivably occur in practice with certain 
combinations of vei tical load and moisture content of the soil Whether 
or not this be so, it is obviously desirable to de-'ign for the conditions 
of Figure 11 which have been well proved. 

For slicai tests on gravel the following type of curve was ficqnently 
given, see Fig 16, in which the discont, minty indicated an inciease in 
the angle of slope. 
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FIGURE J6 


>fi 


O V 

TJie range OA represents sliding of the bearing area over the 
gravel which is not fully consolidated until the load *A’ is reached 
after which the various factors mentioned in (c), above, are introduced. 
Any sliding then is of gravel over giavel. 

2. CoheJiion, is a measure of the stickiness or adhesion between 
two like or diffeiing cohesive materials along and paiallel to the 
plane to be tested, or raechanicall 3 ', is the resistance to shear along 
that surface v’hen it is subjected to no normal loading. When the 
surface be subjected to normal load the cohesion still exists ivithin 
limits and, as will be seen below, mfiy vary from its mechanical 
definition value. 

In the shear diagram for a cohesive soil, see Fig. (17), the 
coefficient of cohesion is represented by the shear intercept for zero 
vertical load-stress. It is a bhcar stiess value. 

FIGURE 17. 



B 

NOTt 

ALL TESTS CAKKItD 
OUT AT SAMS IMITIAL 
MOiSTUKS eoMTSMT, 


For the lower range of normal loading the oin’ve of total shear 
force, i.e. internal frictional rcsiRtaucc and cohesion, is generally a 
straight line but for higher loads it may be found that the points 
depart from the straight line law. Thcie are several reasons for this:- 

(a) The most important being that the heavier normal loads 

have, by producing moie coniiiaction in the soil materially 
altered its consistaney, i e. its moisture content is reduced, 
and a reduction m the moisture-content has been shown 
by Cooling and others to increase the cohesion. A corollary 
to this is that the cohesion, and hence the shearing resistance, 
will vary with variations in moisture-content throughout 
the year for soils situated above tlie ground water level. 
The difference may bo very considerable. For similar reasons 
the cohesion and licncc shear icsistanco may vary with 
depth, due in this case to both changes in pressure and 
moisture-content. 

(b) Tile value of the cohesion varies with the soil structure and 
anj' distui bailee of that structure, such as the driving of piles 
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ra the site or on an ailjoinine site; eartLounke shock > 
dilatnnoy caused by shtinkagc or conlraclion Btie3.-,f8 in tbo 


soil etc. 


(c) Accojdijig to the Hogentoglcr conception of th/» znoistme film 
eunoiiiidmg the soil eoinplox or micelle ^ the ratio of fice to 
adsorbed moisture of hydration, at constant moisluie content, 
decicosca with deeroase in tompcrutuic and vicc-veisB This 
rcaulta in a greater viscosity with decrease in tcnipeiaturc and 
hence increased cohesion and stability. Tlie cohesion is thud 
found to vary with the tcmpeiature Cyclic vaiiations in 
temperature oocui to possibly u depth of 20 fret- they have 
not yet been tlioroiifihly investigated but a necessary 
precaution in modem testing IS that the eoliesion tost should 
be earned out at a standard teinpeintiire 

(d) \ aiiations in the value.s of the leplaoeable bases over an uica 
or down a piofilc entail variation m fiio moisture of liydnitioii 
for constant moistuie-conteiit and tliN may again ‘ lead to 
vaiiations in tiio value of cohesion 

(c) To a smaller extent, changes in atmospheric prcseiire and the 
pressura of the soil air also effect the cohesion 

(f) The shearing resistance of a Soil falls off when the normal load 
reaches the failure load, in the case of sands, and the range 
of loading between the safe bearing load and the failure load 
in the case of coliesivc sods This is due to tlio foimation or 
' partial formation of shear cone-. oi "wedges resvilting, by fimto 

or infinitesimal movement, in a loss of apparent oi true 
. cohesion. 

It la thus clear tliat cohesion is not by any means a constant factor 
foi any site and to know the actuivl ftolie<iou, which can be dc% eloped 
under any sot of conditions, it is ncccBsary to know, or to be able to 
estunatc. tiic effcot on it of the other factors involved. 

3 hikrconneclion, hefvxen Frtrtion and Co/if-s?on Up to the time 
of Langtiy Bell’s famous, thougli ignored, research woik and, guncially 
speaking, even np to the present time, moat earth picssiiro computations 
tiic bas^ on the knowledge of some form of the angle of friction. The 
resistance of a retaining wall to sliding is iisiinlly calculated, in part, on 
the eoefiioient of fiietion between the wall base and the soil below, 
klodern research shows that for clays, especially for f.it clay-, this 
conception i- untenable unless, as mentioned in Section I above, fnction 
and cohesion art held to bo closely related and, in sonw instances, 
praoticully synonimoiis 

A carefully conducted shear test on clay elucidates this contention 
The graph of eiicaring resistance lakes the form showp in Fig. (17), where 
the angle of internal fiietion may be very small, and is often below 
dupieei. and r.iiely exceeds 10 degrees It lias been moie rfeeiitly 
dweovered that the true angle of inteinal fnction lequiicd for the 
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determination of tho “basic line of rupture" is even smaller than this 
measured angle 

As the tangent of fivo degrees is 0 087, the frictional resistance to 
sliding IS veiy small although such a clay hank might well stand 
vertically and a table of iiatuial slopes might, for such u clay, give an 
angle of fortyfivc degrees 

Discussed ph 3 ’aically the reason becomes clear. Each unit or 
micelle of clay 'QO-y be -conceived as being surioiiiided by a sheath, 
or film, of water or moisture which is believed to vaiy in oonsistancy 
from free water — on the outside — ^to solid wator-or water of hydration— on 
the inner side. Tlie thickness of this film, ospeciallj’’ that portion 
clas'iified as free water, varies with the moisturo-contcnt of the clay 
and such viscosity altering functions as tcmpcratuie. The result is that 
under normal moisture-contents one clay unit or micelle does not 
neces&aril 3 ' touch the adjoining one— only the water-films being in 
contact— and hence in sheai the action is a sliding of molecular 
water-films ovci each other lather than a frictional action of one 
solid particle over another It is this breaking and making of contact 
between molecular films of uater which gives rise to tho viscous 
properties oi tho plasticity of clay. The jiroperty mf'asured in the shear 
test IS the sliding resistance of tho moisture films with, perhaps, a 
small amount of tiue friction 

The cflFectivo angle of internal friction is therefore small for 
cohesive, especially fat clays, and the mcasuieincnt is one of cohesion 
rather than friction although the aigument is reversible. (See Torzagln’s 
definition of cohesion, below). , 

TJie shearing resistance of a fat clay is mainly its cohcBion, i o. 
its shearing value at zero normal load. Some Authorities®*’ go further 
than this and state that the .shearing value of the cohesion is the only 
safe value to take foi auch days as it represents the 3 ueld value of 
the cla 3 ' soil This is really obvious, from the physical interpretation 
above, for to mobilize the small frictional resistance motion or 3 ''ield 
is essential and siicii a motion once started introduced the plastic 
properties of the sod which raiglit bo fatal in a wall foundation, 

'Uho following definitions of cohesion, true and apparent, arc given 
by Teizaghi and are taken from a boncs of articles on tho ‘Principles 
of Soil Mcclianics’ b 3 ' Di C, Teizaghi piihlishcd m the Engineering News 
Record, 1925, in paiticular, Part 1 — ^Phenomena of Cohesion of CIn 3 f, 
November 5. 

"Thus ' all phenomena associated ivith the cohesion of clays are 
capable of being explained by the single factoi of surface tension. 
Cohesion is the mlornal frictional resistance produced 113 ' the capillary 
pressure. As tlio cause of (he capillary prcBsure — the surface tcn.sion 
of the capillary water — is an external one mcrel 3 ' acting on tho surface 
of the clay, the cohesion due to the oapillar 3 '’ pressure mn 5 ’ be called 
the ‘apparent cohesion’, in ojiposilion to tho ‘true cohesion’ produced 
by initial friction^. As the initial friction was iomid to amount to 
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not moic thnn 20''./cm., the tiiic cohccjuii h ‘ small coinpiiiocl with 
tho apparent cohcaion”. 

‘'*Nole — The trim 'initial friction’ ii*' nswl by the author denotes 
the shearing strength of elny when not under prc-mi c, cither external 
01 eapitlary. Extended in\ eatigation of initial fiietion Miowed it to ho 
foi too Muall in ninount to aeeount for any of the pinpeitio'. commonl}’ 
groujied under the general term “oohc-sion of elay”. Tiie inter nal friction 
■whioh acts in tlio interior of the elav Milijeeteil to either load or 
capillary prc'^aiire la the sum of (1) initial fiiet ion, which ia pi ni tically 
independent of tlio intensity of pIe^sllle, and (2) the frietional rcaiatanre 
eel lip by the pressure, wlneh la proportional to the intensity of Iho 
presauie Even at small presanic*-, how ever, the first item is almost 
negligible compared to the second". 

B. Hydrostatic Uplift effect on Shearing Resistance. 

This is a veiy hnporlant point and foweral veiy impoitant and 
fnndnniental propeities resulting fioiii hydrostatie iijilift have reecntly 
been CMimined and verified bv expcriineiit 

Firfrtly, it has been Miown tliat. iiiidei smtniile (‘onditioiia, hydrostatic 
uplift may he effettivo in any kind of •-oil whether cnlicaioiile'^s or 
oohcaive.®' 


Secondlj, that mulei liydroatatic conditions, (he hydrostatic picssinc 
in n saturated eoil, is equal m all direct ions and is fully netive.^"'®' 

Thirdly, that part of the oxteinal laid is can led hj' the soil particles 
and part by the water under hydiostntie pressure ” 


i. 0 . L=t + I whore L is the total external load, 

if 1^*1 

1 la the liwd eai i leil bv the soil 

it 

particles and 

I IS the load eni ned by the hvdrost itic 
ie •' 

head. 


When coiisidei iim noniial loads foi 
hamo foi inula is applicable, and 

+ ”,r = 'ic 


fiii-tional resistance to shear, tlie 


1 . e. tlie effeclne load cairied hi the foil i" 

- ^|.)- 

The fiietionnl resistance to sheai is thus made up of two paits 
/t*V - aiid/(f„.). 

It lias been pioved th.it the fiactioii of the resist.iuce ), i. o. due 


to the part of the load cai ned by the water, has pi act ically no hearing 
on the total fiietionnl resistaneo and may, in fact, he taken to he rero. 
This also follows as n enrollaiy from Tcrvnghi’s definitions giieii above. 


The component /( *V — ) is CouIomhS ‘ii. tan in his equation 

slic.ii resistance. 
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T = 0 + -71. taiiif,. 

As regards 'i/.’, experiment seems to indioatc that with increase in pressure 
the angle slightly decreases, presumably due to the more active part 
played by the films on compaction. 

The results of the above are shown diagrnmatically in Fig. 18 on 
the assumption that for each point on each curve the ‘initial’ moistuio 
content of the soil is constant. 



AO ~ lino of constantly increasing frictional resistance for constant valiie 
of <fi. 

DE = line of constant cohesion superimposed on AC. 


AM — lino of frictional resistance for decreasing value of </>. 

DH = lino of constant cohesion suporimposod on frictional resistance for 
doorcasing valuo of Ji. 

DK = lino of increasing cohesion siiporimposod on frictional resistance AM 
for docroasing valuo ol c/i. 

FG = Non-uniformity somotiracs found for low range of loading due to 
loosonoBS at initiol state. 


The tangent at any point of the shear lesislance curve, 
gives the true angle of internal friction but it docs not i opresent the <ft of 
Coulomb’s equation neither docs it represent the angle of rupture for 
cohesive soils*® . The angle (/, at is less than the angle 0 of the top 

curve and the difference is said to be in many cases very important, 
though it is admitted that the difference in shearing resistance represented 
by the two curves seldom exceeds 5 per cent*®. 

In the examples, discussed by Terxaghi for fine grained cohosionloss 
soils, he shows that®^ ; — 

(a) If the baokfil of a retaining wall be fully saturated and there 
IS no drainage then the resultant pressure on the wall exceeds 
that due to a water back-fill. 
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(b) That, duiin^ n r.iiiislonn, a tv,iM with a back filter retaining a 

boil whose jv-rmenbility is inediiini and ii less than the rate 
of rainfall and nf the order of I ,i Irt-* mi-, /see. and ahoso 
coinprc^/ibility ii low, the ic^iiltant pressure on the 
Wall will Ilf! prcitoi than It !•> dining fine weather. In the 
pniticulnr c-T'Cn oI highly permeable clem sands and highly 
conijircsMble fn‘bl\ permeable poi1». the coiitiniinus flow docs 
not Qccni and no flow hydiostalie pres'iire results. 

(c) A suitably plnocd inclined bnck-tilici and pinper drainage 

eliiiiin.itcs tlie iisdrostatic presume pioduced by the fl.iw 

ofwalci. 

The above corap.iiisons wore ba-ed on : — 

(a) The cITeit of r.iin on Ih** unit w< iglit of the linck-fill is 

negligible 

(b) The wall will yield piilficientlv to iiiobilire the full frietioiial 
rc-istance along all face- of tlie shear wedirc. 

C. Dilatancy of Saturated Fine Sands. 

There is another aspect of Miear and hydrostatic jircs'urc which 
loqnircs eoiisidcratinn c-spoi*ialIy m the d‘*4iit.i of ombankinents, dams etc. 

Wliereas a fine ‘^and l■ompaeled to maximum density increases in 
volume under shear, a loO'C fine sind dtcioisps in volume®. Hence if 
the loose fine eand he sitiir.itcd, thooffoct of shear is to expel the moisture 
but as tins cannot, normnlly, occur iinmcdi.itely, part of the load is 
transferred from the sand particles to the water, as considered in B above, 
and Us shearing resistance is dmeised This leduotfon is often sufficient 
to cause failure of the embankment etc. Fine s.ind should therefore be 
dcnsiGcd by incchanical means or lij flooding. 

It lias been observed by sevci.al authorities that even clays decrease 
in volume under shra> .so that it is for consideration ii all cases of failure 
lij’ shear arc not a form of thixotiophy. 

D. Use of Cohesion and Friction in Design 

It is thus cliMi* that Cohesion and Friction .nc veiv closelj' allied. 
In designing a wall agnin-t -hding it is, in a w.iy, eonect to say that 
the shearing valuo of the soil is the interion but except for granular 
materials it is often incoireci to base this on : — 


f(N U) or n. tan.', 

wheic ' a’ IS a i.ilue n'suinefl and often n-snmcfl to he very imich greater 
tlian IS justifiable The correct value, in such case-, should be 

c, 

where c„ i- the eolicsion at the inaxiniuiii moi-lme-rontent to which 
the soil he subjected ‘in situ’. The above is, of voiirsc, Ijased on the 
assumption that the foundation i& rough and slienr is along a plane jiiit 
inside the foundation soil and not along a pcilcctly smooth plane of 
••pparation between Ibc two m.itcriaK 
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Needless to say, tlie correct values of the internal angle of friction 
and of the cohesion can only be determined by experiment. 

Chapter 20. 

MECHANICAL ANALYSES. 

I 

Definition — 2Itchanical Analyses, is, m general, a mechanical separa- 
tion of the sioil sample in to a series of fractions whose limits are Largely, 
hut not wholly, empirical. It is an arbitral y method for the comparison of 
soils. Tile reason for the degree of arbitrariness is clear ivhen it is realised 
that a nnimal matured soil consists of a more or less continuous and gradual 
change in particle size fiom the largest down to the smallest. Some 
limits are necessary to distinguish fine gravel from coarse sand, fine 
tand from silt and silt fiom clay. There is, in general, for matured 
soils no sudden change and the obvious method for distinguishing the 
fraetions is to demarcate aibitrary boundaries which serve simplicity, 
a. separation of mechanical properties and practical methods. 

_ In addition to the arbitrariness of the fraction limits the results 
obtained depend upon the method or sub-method employed for the 
determination of these fractions. Pnic screening — a difficult process for 
the lower hunts— gives one result, but it is obvious that this result 
IS not always a true one. Before screening, the samjile must be dried 
and in drying the natural soil elements and the moisture - films may, 
and usually do, cause the finer particles to form aggregates and hence 
the finer fi actions are not truly represented by the results. Grinding 
IS useful to break down the larger of these aggregates but grinding 
may damage the larger pai tides and may not break down the smaller 
aggi'pgatcs. To overcome these difficulties and to obtain segregation 
the method is to obtain complete dispersion in some suitable alkaline 
or dellooculating medium. A common method is to remove the 
cementicious ts — ohielly humus and carbonates — by boiling with 

' 6 per cent hv ’ peroxide* to destroy the humus and then treating 
with 0.2N j drochloric acid which dissolves the carbonates and prevents 
them I , acting as a flooculant. The sample is then washed to 
remove the soluhle bases and final dispersion is obtained by well 
shaking with O.OOSN sodium hydroxide. A better method applicable 
- oils is to oiint the acid pretreatmoiit and disperse in sodium 

i.jwniate. M 


The coaiser fractions down to 0.2 m.m. are first removed by 
isieving and the finer fractions are determined from the prepared sample 
by the pipette or othe^ approved method. 

In using the results of mechanical analyses it is therefore neceseaiv 
to know:- ' - 


(a) The fractional limits, or the System adopted, and 


*Authoi'itioB differ ovei this poroeatage a«i it will presumably vary with the 
overage huraus.contont of tlie boiIb under examination. 
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(b) The particular metliod used in the detcimination of the 
/ fractional values. 

The actual method used for a seiics of tests and for comparison 
IS not 80 very important for average soils so long as the method used 
18 consistent. If the method be changed, the results aie nob necessarily 
comparable especially in the important clay and colloidal fractions.. 

As an illustration of the impoi Lance of (b) an unusual sample 
Eastern Soil Group \ra& analysed in Euiupe in accoi dance 
with the custom of that laboratoiy, which had peifectcd a svstein 
suitable for the soil groups of its locality, i.e. by dispci.,ion in* 0.01 
Bodiuni oxalate with no pietrentinent Tlie aiiiilysis by this method gave - 


Sand 

Per cent. 
41 

Fine sand 

14 7 

Silt 

41.7 

Clay 

39 

(Colloidal claj’ 

16.5) 


but the colloidal olay values did not coiicspoiid to the antuupated 
values as determined fzom the correlation giaplis connecting the 
colloidal clay content with the soil constants A sample w as then 
pretreated with 6 per cent hydrogen peroxide and N/5 hydrocbloi ic acid 
before dispersion with the result that the analysis changed to - 



Per cent 

Sand 

20 

Fine sand 

27 3 

Silt 

22 7 

Clay 

48 0 

(Colloidal clay 

39 7) 


shoAving a very considerable difference and giving compatible i exults 

To complete the discussion it must be remembered that the Soi 
Constants, including the ineehamcal analyses, are considerably affectcc 
by the nature of the oky®^. In nature the clay complexes, or micelles 
have adsorbed on then surfaces lonmci cationn of the soil bases ii 
various pioportions giving rise to such clays as H-clay, Co-clay 
j^o-clay or Jlfg-clay etc In .some cases they oie moie or less saturater 
snth the picdominant cation, whilst in otheis the diM..inn is not sc 
complete. Actually, in eitv, over any particular area the latios of the 
exchangeable bases may vaiy and also the total exchange capacity oi 
the soil. These variations are leflccted m the soil pioperties For the 
purpose of standardihcation, and hence comparison, the method adoptee 
solves this, problem by changing the given sample to a hydrogen, .•'odiiin 
or ammonium clay accoiding to the method and dispersing agent u^^ed 
The method applied again becomes important in using the results. The 
clay and colloidal clay fractioo.s vaiy with the dispersing medium, i.e. 
with the nature of the clay produced by the medium and process 
and hence although the lesults are useful for comparison in anj 
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particular soil group they do not necessarily represent the exact 'in 
bitu’ values. 

The following variations, representing perhaps a fairly extreme 
case, for an average of 90 per cent base saturation, are given by 
Winterkorn^': — 


Natural Clay Na-clay 
C%ColC% C%Col.O% 
Putnam Clay 33% 12‘*o 47% 30% 

(wiioro C = percentogo 
of colloidal clay). 


Ca-olav /l?-clny H-olay 
C% Col C% C% Col. C% C% Col. C% 
30% 13% 29% 18% 31% 18% 

clay: Col. C = percentage 


■\Mth the following variations in the Soil Constants: — 


Pl.i<'ticity Index 17 32 21 13 10 

Shrinkage Limit 15 16 15 IS 18 


Limits of the Soil Fractions. 


The most useful system to the engineer is that adopted by the 
Bureau of Public Hoads as described in Chapter 1 under Engineering 
Classification. 

One simplification has aheady been referred to, another is the fine 
sand — silt limits are sometimes changed to 


Fine sand 0.42 — 0,07 m.in. 


Silt 0.07 — 0,005 ni.m as the dividing sieve, 

No. 200, though not differing greatly from the No. 270 sieve is much 
easier to use and it is on the No. 200 sieve screened material that 
the phy.sical tests for the soil binder material are performed when it 
is desned to examine the properties of these active constituents. 

The results of mechanical analybis are best examined by plotting 
the a«‘cumiilation-eraiu size curves on semi-log paiier. The curves are 
then indoiicndent of the grain size system used. 


Chapter 21 


THE SURFACE TENSION THEORY IN SHRINKAGE, 
SWELLING AND CONSOLIDATION— HYSTERESIS. 

In Charles Terzaghi’a explanation of tho phenomenon of Shrinkage®® 
1925 — he likened tho process to the confined consolidation test on a 
B<atu rated sample with provision for the free escape of expelled water. 
When a saturated .sample is loaded it deercases in volume by an amount 
equal to the volume of the water expelled. The decrease in volume 
is equivalent to a shrinkage where tho shrinkage is duo to an expulsion 
of Wfiler brought about by an external load. 
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:H£2“Srt~ 

inaucmg expu/sion of water with a decren-so in port, ama^ In 

Sfare^Jit Jrostli,'?^ • “' V»>P<-‘^ti 08 of the .oil induce a 

i^atjre hj-drostatie, or eiieuon head, iiL tlie surface of t!ie sample 

producing an intake of moisture with attendant mcrease m poie hpacs ^ 

is eiri^nffTn”™? if f leaded sutumted Sample m cquilib) iiim 

11 " ^ “"PP^y* ““londed and enipoiation prevented 

Xh T “*r. ™ f^O"* “le Joidinr test-. 

Minch show that a cimngo m volume must bo accomp-inied' bv a 
oiiange m toad, the load to which this particulai sample was oriijinalh' 
subjected must be replaced by spme loading of a different nature. ' 

According to the capillarv theory of moisture movement, the 
oapulary rise from a fiee water surface, ie. one at atmospheric iiiessure, 
IS given bv'-> 


h = 4.T, cosoe , where T = surface tensiuu of water, 

^ P'S «: = , ingle helwcen the meiiMiis and the 

walls of the tube, 

d = diameteroftlir capillaij-tiibe, and 
f = density of the water 

The movement up to the eapillary tube to lliis height ‘h’ i-, 
caused by the sinface tension force and equilibrium is e^tabliohcd when 
the suiface tension force is balaneed by the force of gravitv (ictma on 
the head of water m the capillary tube The water in the capillary 
tube Is in tension, its amount varjdng with the height from the free 
Hiifacc, AnalvMs shows its maximum value to he 4T/d 

' If water enters a eapiUDn- tube from above and the free supply 
i.s suddenly cut off several alternatives can occur. If the capillaiy 
tube be of uniform diameter and the temperature be constant the 
watei will sink iindci gravitv, tlio surface tension forces at both ends 
being equal, and discharge from the bottom of the tube until the 
height III the tube is equal to the cepillary head if the bottom of 
the tube be inverted in fiee water If the" temperature of tlie water 
at the top of the tube bo decreased the snirface tension of the water 
at the upper end is increased and a cwidition of equilibrium, as a 
suspended capillary, can arise If the capillary tube lie tapered with 
its widest section downwards the total tension force at the lower end 
Mill decrease so that a taper can be found at whioh the suspended 
eapillary le again in eqnilibiiuin, 1 e when, 
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4 T. ( 1/dj — l/dj ) = g.P. li. wheie ‘h’ is the height of the 

suspended capillary. 

The important factor about these various conditions is that in 
each case the capillary ivatcr, whether from a free surface or as a 
suspended capillaryi is in tension. 

Since an active foice of tins nature calls for a reaction, equal 
and opposite, it follows that the tension forces in the water inu.st be 
accompanied by compicssion foices in the capillary tubes themselves, 
transmitted from the water to the tube through the adhesion between 
the meniscus film and the tube. This is the reason why shrinkage 
and oompiession arc equivalent and it is tliis tensile force in the 
capillary water which takc.s the place of the external load when the 
sample is allowed to shrink by evaporation. 

Shiivlage. 

SuppOMng .all the .sides of a smallish test specimen of soil are 
Buriounded with water at atmospherio pressure If the soil be considered 
to be made up of a large number of capillary tubes there will be no 
menisci and hence no pressure in the soil If the free surrounding water 
be gradually evaporated until it is about to disappear menisci wall be 
about to form. Further cvapoiation will cause their formation and a 
compressive force wall be graduall 3 ’' induced in the soil. Loss of water 
and compression are accompanied b.v conti action and contraction causes 
a decrease in poie s]iacc or in the size of the capillaries. As the capillaries 
deoiease in size so the tension forces in the capillary water morcase. 

In the consolidation test the applied force is an external one, there 
is no capillary tension. A decrease in volume is accompanied by expulsion 
of watoi and a .decrease in the diameter of the capillaries. In the 
shrinkage test the applied force is an internal one of capillary tension 
produced b.v evaporation, 

A typical shrinkage curve is shown in Figure (19). 



§ Mo/sruac cofjrCNT .i <, dry 


For the range AB, where ‘A’ can be taken to be the Liquid hmit 
end ‘B’ the plastic limit (approximately), a dcciease in moisture content 
is equal to the change in volume or decrease in capillarj' volume. Tliis 
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rnnge represents the in.txiinum range over winch the consolidation test 
can be applied. From 'B' to 'C, a new phenomenon is introduced by 
strcbs limits By tlie lime ‘B’ is ictichcd most of the capillary water 
hot evaporated and the toil is under very considerable pressure. Further 
the vesicular moisture lield m the cellular colloidal htructuro is also 
decreasing and disappcai ing in evaporation with the remainder of the 
oapilhuy moisture. Between B and C the colloid.'il particles are in a very 
higli bt.atc of coinpiession and their lesiRtancc to further shrinkage has 
almost 1 cached its maviinuni. A point is finally reached when the 
eolloid.al striieture fractures under stress Thii is accompanied bj' a 
lecessioii of the lomainmg capillary water to the centre of the specimen 
with a sudden change in colour acco npnn> in-r the entry of air This 
point is knoun as the nlirnilcfige limit. From *B’ to the shrinkage limit 
the stiengtli of the colloidal structuic is being mobilized to resist fuither 
eontrnetion. In tins range changes in moistnro oontent are accompanied 
by a deoieasing change in volume until the shrinkage limit is reached 
after uhicli no eliaiige m volume, or only a very small change, accompanies 
any change in iiinibtiiru content now gel mnisLiirc. Anj* rewetting h.i'ls 
to increased volume due to the presenee of air which has entered the 
soil. 


From the ahovc it is clear that the analog}' between (.brinkage and 
consolidation only holds down to the moisturo content corresponding 
approximately to the shrinkage limit but as the shrinkage limit 
eonesponds to picssiircs outside those attainable with the consolidation 
apparatus it is of no piacticnl importance 

Shrinkage curves ploftid ns shoun in Figiiie 19 have eomc mteicsting 
properties. If AB be extended to cut the vertical axis in E then 013 
represents the volume of the hypothetically compacted soil, i o., with no 
voids. Since tins t nine is also equal to lOU/sp gr. the line E.\ will bo 
constant for any pnrticiilai comjilcteh satiiratod soil. This means that 
if the appaient density of any speciiiien of that toil, in any structural 
condition, be determined then the shrinkage limit may be rend off from 
the gropli Jfo fresh detcniiinations an* necessary The shiinkage limit 
thus becomes u mcasuie of the itrueture. 

The length BE = DP gives the pore space *0 that tlic '•hnnkage 
limit is also iiumcrie.illy cqii.il to the poie spare 

The siiifnce area of the soil particles is often considered to be a 
nieasure of tlie h 3 'groscopicity Init if tlie surface area of the pore «.paee 
bo coiisidcicd to rcprO'Cnt tho liygroscopicity, which seems an equally 
valid .assumption, under coiiditiouN of corajiaction and dryness, then the 
'shrinkage limit bcLomcs a measure of the liygroscopicity. If this bo true, 
however, then the Iivgro-copicitj’ must vary with the degree of compaction. 

A further propertj' of this curve le that the volume of the voids, when 
diy, IS iiuincncanv equal to the moisturo content percentage necessary 
to fill the voids. If all aii weic cxti acted and the soil were granular 
the voids would bo filled bj’ the time tho shrinkage Uinil was reached, i.c. 
if theie wore no swelling '\etually a little hydrat.ilion swelling occuks 
so th.it a somewlnit different amount of water is required. From 
Schofield’s woih it would not bo expected -that tho quantity required, 
dining drying and wetting, to fill the voids would be the same. The curves 
given j)j' Enceell “ show a hi^hor shrinkage limit for the rewetting curve. 
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though Haines’ ourrc-! indicate a lowering of the shrinkage limit on 
wetting. Hames stales that as the moistuie content does not decrease 
below the shrinkage limit the shrinkage curve is reversible. It is only 
when air enters that tlic wetting and diying curves differ. 

As the density of clny soil particles will xmry with the hydratation 
and osmotic hydration it appears impossible to calculate the amount of 
water necessary to fill the voids from details ol the voids ratios or 
den.‘«ities of dry .samples. Wetting causes an increase in voids ratio which 
is more apparent than real as .some of the water determining the void.s 
latio has entered into chemical combination with the soil. 

Theory is not very clear on this point Whereas the generally 
accepted belief developed by Comber’^ is that the colloidal clay exists as 
a coating around the coarser particles there is tho older theorj' of Tempauy*’ 
that the colloidal material exists a.s a ramification throughout the 
mass. The foimer means an increase in the volume of pores during 
sxvelling, the latter, a decrease. 

Russell and Gupta ^ said “A soil swells on imbibing water and this 
swelling will piobably altei the pore-.spacc geometry of the fine pores by 
reducing their volume” Keen®*’, who appai enlly is a supporter of tho 
former theory, seemed to agree with Haidy that for siliceous clays tho 
average pore diameter decreases during the swelling of the colloidal 
material. 

Lirniialiona of the, Surface Tension Formula. To use this formula 
values must be given to T, d, oc, p and d. The value of ‘T’ iemain.s 
constant with constant temperature. The value of ‘oc’, usually assumed 
to be zero, is not nccc.ssari]y so for soils especially when salts aie present. 
The density of the liquid lomains constant for the range AB of the 
shrinlcage curve but for lower moisture contents the tiemendous pressures 
to which it is subjected cause an morcasc in density. 

The diameter ‘d’ of tho capillaries has two bearings on soil calcula- 
tions. For uniform capillaries of very small diameter, indicative of hiigh 
pres8ure.s, the water apparently changes into water vapour 
which moves similarly to capillaiy moisture but at a very much retarded 
rate. This is an important point in the study of moisture movements. 

The second hearing of tho capillary, diameter is that in soils 
the capillary tubes are not of uniform diameter; they are approximately 
of the shape shown in the Uvo-diraensioned Figure 20. 
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whore the decomprcsfiioii curve cuts the moisture content axis. The 
agricultural F M C. therefore corre-%pond8 approximatelj’ with the Liquid 
Limit which is, incidentally, not determined spcciBcally on a drying or 
wetting basis. 

Tho C.M.E., dotcriiiincd agi'iculturally and engineeringlj' on a drj'ing 
basts, should correspond. 

Though tlie engineering consolidation test apparatus is restricted, 
by virtue of the magnitude of the forces involved, to moisture contents 
above tho jiln/ttic. limit, the pF cuive gives the pressuie required to 
reduce the moisture content light down to zeio which approximately 
corrcsjioiids to a water head of 10 ^ cms. or a head some ten times 
the height of Mount Everest, This value appaientlj' applies to all clays. 

Teizaghi,®° 1925, calculated the capillary pressure of two clays as 
171 and 339 tons/sq foot at their shrinkagR limit. These pre.ssures 
correspond to a pF of 5 23 and 6.53 again.st Sohofield’.s pF of 6 for all clays 
at 50 per cent relative humidity. 

Hysteienis. TJie reason for the hysteresis loops in tho drying and 
wetting curves is not yet clear. From an engineering and modern 
phj'sical point of view it secin.o to be bound up witli particle rearrangements. 
The older physical conception of tho Icnto-capillniy point, or the 
engineering F M.E., seems to offer some idea of a solution. It was 
found in the earlj' days that if a limited quantity of water was 
added to a soil it would only moisten tho soil to a limited depth 
or height. To this depth or height tho moisture content remained 
fairly constant at tlie F.M E. but beyond there was a sharp decrease. 
Below or above this level tlie capillary flow was inappreciable. There 
was however still a moisture flow but a very slow one. In this 
stage moisture appaiently moves in a fllm or vapour form and its 
magnitude and rate is controlled bj' corresponding laws. 

According to SchoQold, the phenomenon is repeated in the statement 
that a dry soil placed in contact wdth a wet soil will absoib moisture 
until tho dr3Mng ‘pF’ of tho wet soil equals the wetting ‘pF’ of the 
dry' soil being wetted, when capillar^'- equilibrium is reached although 
there may bo an abiupt change in moisture content at this point. 

In the deoomprcsxion test or wetting tost the moisture content 
is already below the F.M.E or lento-capillary head and hence any 
natural movement of moisture is necessarily slower than the movement 
produced by nrtifloinl means on drying. I(. is only when tho pressure 
equals zero, or atmospheric pressure, that tho lento-capillary head 
condition is reached. In the drjdng test on a virgin curve, on the 
other hand, the soil is artificially persuaded to take up moisture equal 
to the Liquid Limit. It is not a natural condition. 
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Mr. Maliubir Prasad (Chairman) railed upon Mr. Woolterton to 
introduce his papei. The above paper was taken as read. 

Mr. S. R Melira inti odurinq the paper, on l)eh.ilf of the author, 
read the following note 

Mr. President and Gentlemen, 

(t) I wish to expiess iny legiet at not being able to l)e piescnt at this 
meeting and especiallv berause f have been foi many yeais (even before 
the paper was wiitlen some three years ago) vcr>- an.\ioiis for the opportu- 
nity of vcrballv sticsstng to Engincei-s the great help to be had, in the 
study of Soil pioblems, fiom the literature of the Agriculturalist, soil phy- 
sicist, soil chemist, and in gonci al, of the pedologist and from personal 
contact with ihi‘<;e authoiities. For the information of Soil Experimenters, 
I would add that I have always icceived the fullest co-opeiation from 
soil specialists not only in Purina but in India and America. Should an 
Engmeei ever be desiious of obtaining information and or advice in any 
particular .Soil problem, I would suggest that hi.s llrst step should be to 
approach such authoiities In particulai, I would refer to Dr . Hans F. 
Winterkorn of Missourcc, T believe, but the University can be verified 
from issues of Public Ponds Hr is specially capable of answering ques- 
tions on .Soil pioblems pertaining to the chemical side and is an authority 
on .Sodium and iMagncsiiim clays. You will find him vciy helpful and 
willing to co-opeiatc in any way he is able. 

T also wish to thank Mr S R. Mehra wlio has so kindly consented 
to sponsor this paper, in my absence on leave to fit me (among.st othcis) 
foi our rather strenuous fuiiiic operations in llurma Should .inyone be 
desirous of cot responding with me then my address may he obtained 
Horn the Seciclaiy 1 shall be very pleased to help in whatever way I can. 

(2) There may be some present this evening who aic justifiably 
asking themselves ‘‘of what use is all this lathcr foicign information?” 

I will give two examples of its value — a general and a particular example.,^ 

(3) (a) In a highly induslialised couniiy tlicic has been accumulat- 
ed, thioiigh the ages, a vciy considerable and valuable experience which 
IS available to the designer and anyone iindci taking an cnquiiy, w’hcthei 
in respect of some proposal or in respect of some failure. 

This expel ience will answer mosuquestions, and only occasionally — but 
nevertheless occasion-allv — is resource to more fundamental information 
necessary. But please do not be under the imptession that experience — 
vast as It may be - will answer every pioblcm Ijccause it will not. I can 
call to mind the incch.'iiiic.'il and pedological example of a famous 
London Collapse of recent veai.s and the more recent mystciious move- 
ments in Buildings, in certain p.ai is of London, foi which experience, at 
the time, had no answer 

Supposing, however, thcic is no experience to guide? Supposing an 
important htiiicLuic is to be erected in an aiea far leinotc from any experi- 
ence of value. What then^ A study of that area iiv a trained pedologist, 
aided by a Soil Map, will, in a very short lime, produce the life story of 
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the soil — ^ils past and present A living account of its general properties 
of colicsion, plasticity, permeability, moisture movements etc , something 
\cry much moie understandable than those arbitrary' and dead values 
given by the Consistency Tests or by the somewhat unrealistic compics- 
sion, shear and cohesion tests, useful as they may be as a basis for design 

(b) I wi'h now to explain how this contiibution came to be written 
\Mien I first arrived in Mandala'j, Riiima, I was handed ovci a numbei 
of badl)' cracked and even a fesv condemned buildings which, from the 
number, e::tcnt and width of ctacks, were ver^' disconcerting Shoitly 
afterwards I was asked to advise on the rebuilding of a piivately owned 
office This building was luckily a very simple one— a singlc-storeyed, 
rectangular brick building with a steel tiusscd loof The cracks were all 
in the long walls and loiighly radiated out fiom two focal points. These 
Clacks did not point to bad w'orkmanship but to something different. 
Plinth levels indicated a very unusual form of deflection curve which 
agreed with some of the cracks but not all To check against 
ovcilaading the soil, an analysis showed that the tiansmitled picssuie was 
iidiculoiislj low .'ll only one quai (Cl of a ton pei sqiiaie foot. It was 
impossible to considci this loo high w'hen safe existing and test loads gave 
two tons with maximum pel missible lo.iding of nppiOMm.ttelj six tons pei 
sq foot. 

Fuithei study of the cracks suggested the present plinth cuivc w'as 
not the oiignial euivc and that the building had been subjected to a 
peiuhai action. All this was contrai > to one’s engineeiing tiaining and 
no expl.'ination could he obtained fiom any engineeiing icfeicnce book 01, 
othei than gencial and lathei meaningless suggestions, fiom local 
c-\]iei icnec. 

(c) I had intended to give fill ihci infmmation on this problem but 
time docs not now pcimit me Some of yon w'ho have similar pi obit ms 
w'ill he interested to know' that the Ropoi t on this Investigation w'ill be 
published undci Soil Movements as soon as paper becomes avai'ablc 

(cl) In biicf a eomplctc pcdologieal invcstig.ition w.is undci t.akeii 
down to changes in moistute eonlcnl and to X-Rav ,\nahsis of Soil 
Sample 

The ultimate finding was that ciacking w'rfs caused by, rclalivcl>, 
i.ipidly .altcinating cliffuicnttal hoiirontal and vertical drying ,md w'clting 
in an i/f/iMicifc laising oi lowering of the cential portion of the stnicliuc to 
amoieoi less constant lescl, where raising occuricd when the building 
was constiuctcd on a vciy diy soil The general dome-shaped ciirTC — not 
a dish curve — develop with flexibilitv and design into a sinusoidal cuive 
There was evidence that some of the now' dome-shaped ciiives wcic 
imtiallv of the usual disli-shape 

And the reason foi all this w'as that the soil was not a sod«um-clay 
as suppo'cd but a sodium-magnesium elaj in w'hirb the magnesium caused 
and angmcnled the deleterious piopcily of swelling bill m other ways acted 
as a calcium clas i c. permitted pci meabilily and hence lapid changes in 
volume coiicsponding to changes in moisture content repicsented by the 
limits of the lesidual shrinkage range Finthei, the swelling piopcrtics 
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involved a swelling pi tssiuc oI\iboul tons per squaic foot which mcrxnt 
not only in theory but in vciificd piacticc that unlcsb the loading was 
gieatci than ij tons pei sqnaic foot, the soil loaded the liuilding instead of 
the opposite. Hence also the rcvcise deflection curve. , • 

4. 1 h.id meant to enlaige on the value of the .shiinkage cui ve but 

must be content now with noting that it is ol considerable value studied 
with the picssuic-voids curve and the knowledge of yeaily moistuic changes. 
Though usually determined loi a lemouldcd sample it is easy to convcil 
the cuivc to suit “in situ” conditions when the “in situ” appaient density 
be known. It is then that one begins to understand what is happening. 

5 la conclusion 1 wash to thank yoUj Gentlemen, foi taking an 
interest m this papei. My main icfcrcucc .ibovc has imlbt Luiiatcly, 
perhaps, been supplied by a building pioblcm but believe me the 
Pcdological appioach is ol even gi eater value when considciing a Soil 
Piobleni connected with Road construction. 

I had meant to lefer to the Lahoic Road U'csls but again am unable 
to do so at length. 1 should like how'ever to iccoal my agiccable 
impression that the cxpciimcnts wcic a gieat success no matter what they 
looked like 01 hoivevcr many sections had failed, for what to me were 
very obvious icasons. 'I’o make the best designs lOO pci cent, useful, 
all that is, in general, neccssaiy is some moisture stabilisation or some 
cgwim/cH/ treatment. 1 hope this wwk, in the intcicst of Soil Mechanics, 
w'ill be permitted to be continued on organised lines. 

Mr. J. Bhall (Bhavnagai*): — 

We are indebted to Mr. Wooltcrton for giving us an excellent com- 
pilation on the “ Fundamentals of Soil Mechanics”. It iuKils a great 
need for rcfeiciicc on the subject as, little or no data, is available in one 
compilation on the subject. In this connection, let me iccall, the lemaiks 
I made at the Hydeiabad Confcicncc (Discussion on papei “ F ”, p.agc 13 
(f), I. R. G. Piocccdings, Vol. 4) icgardmg the need for the study of soil 
dial actcristics to impiove the condition of Agiiciiltiiial loads, and of co- 
I elating the knowledge gained in the Laboratoiy to actual piaciice of 
ro.ad consti action. 

Soil Mechanics —though comparatively of icccnt origin — is well estab- 
lished as a science, and the icsuUs arc applied in practice with piofil 
to “Foundation Engincciing ” for predetermination of settlement and 
bearing capacities; to " Railway Engincciing ” foi earthwork and stability 
of slopes; to “ Iirigation and Water Power Engineering” for investigation 
of permeability, see page and piping etc. There is no icason, why, thcic- 
fore, the fundamentals of this science could not be lULli/'cd with equal 
or moic piofit for Highway Engineering by the Road Engineer. 

> 

Mr. Wooltcrton has mentioned in the iiitioduction that the know'- 
Icdgc of- the science of soil mechanics in some instances is in the stage of 
“ hotly contested ” modern views. Let me assiuc yon that this is not so. 
The knowlcdjjc of the fundamentals, and the results, as applied in practice, 
arc “ stabilized”, cnougli to permit us cariying on cxpciimcnts with "sta- 
bilization” of soil. 
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Gentlemen, you have seen this morning expeiimcnis on soil stabili- 
zation, and I am happy to greet Mr Mehra as a coniiade-in-aims, working 
in the same direction I overheard a few rcmaiks and questions, whe- 
ther some ‘rough and ready* means for field use, could not be devised to 
determine the proper percentage of admi\tuic of soil and clay Well at 
the picscnt stage, a laboratory for soil mechanics is essential to determine 
the composition, which would give best results Soil, that Universal 
Cement ”, is easy to obtain eierywherc, but very diilieuli to comprehend 
For each area, the proportion of sand and clay, which gives best results, 
will vaiy and must be determined bv laboiatory methods It will be 
possible to devise simple Field-tests for correlation, only after sufficient 
experience is gained in laboiatory tests. 

We aic grateful to Sii Kenneth Mitchell foi rightly emphasizing at 
Icnglli, in his presidential addiess, the need foi impioving Agricultuial 
Roads As one trained m U S A I am, all out, foi super highways to 
suit the modern traffic, but once the urban roads and subuiban roads arc 
Heated — the National Highways, the Piovincial Highways and the Dis- 
tiict roads ivill have to be dealt vvitli. Having dealt with these, there 
still will remain, tens of thousands of miles, of agiicultural loads 
between community and community , and also as a hnk between one com- 
munity and the net work of district roads as envisaged (no village of 
accessibility is measuied by the formula that no village of— say — 
thousand population and ovci should be more than — say — a mile or half a 
mile from a public road) by' Sir Kenneth Mitchell m the National 
Scheme. The application of the knowledge of the fundamentals of the science 
of soil mechanics will come in very good stead here. Economy of main- 
tenance IS the essence, and these low-cost roads should be so designed 
as to have minimum of maintenance For this, laboratoiv tests ate 
indic<ated. Will it be too much, thcrcfoic, to suggest, at this junctuie, 
that the Goveinmcnt of India, under the supervision of some such central 
body as the Indian Roads Congress, immediately set up, a soil mechanics 
laboiatoiy ^ The piovincial Government and IcadmgJndian States may 
then follow the good esample. The cost of such laboratoi ics will be more 
than justified and comparatively small, in view ol the millions, that would 
be saved in the construction and maintenance of low-cost loads. 

Ml ^VooltertOIl cairicd out experiment with London Blue Clay 
Co-iiicidcntally, I am lespoiisiblc forcaiiyiiig out .similai tests on Boston 
Blue Clay, on the othei side of the Atlantic, in the soil mechanics 
Laboiatoiy ol the Massachusetts Institute of Technology (Boston, USA) 
We all know in a qualitative mannci, that a soil mortar could be impioved 
by mixing proper propoition of sand and clay, the quality mainly depend- 
ing upon the proportion and the chaiactcrisiics of the particular soil. 
My purpose this afternoon is to indicate that the optimum value of 
the soil in an admixture could also be determined in u quantitative 
manner. With that view in mind, I have caiiicd out e.xpciimcnts at the 
Massachusetts Institute of Technology in co-oidination with the Geoigia 
State Board of Highways (U.S.A ) on materials actually used in Highways 
construction of Federal Aid projects, and suggested improvements in the 
admixture to be used in practice. The tests caiiicd out in Laboiatory 
wcic on peiccntagc clay contents and giain-sizc distribution The 
dctcimimng tests weic — (i) Compicssis'c Sticngth Tests, (2) Shrinkage 
Test, (3) Atteibci-g’s limit Tests, (4) Slaking Time Tests, (5) Shearing 
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Resistance Tests. Let me c.xplain just one of tlic tests on tlic graphs on 
page 298 (f) At one e\ticmity we have the gram sirx distribution of Boston 
Blue Clay ; at the other, we have a similai cuivc foi the cohesionlcss sand. 
In between, lie, the curves foi various admixtuics of different peicentagc 
of clay <ind sand : Similar cui ves could, also, be plotted for various 
admixtuics of matciials obtained in piaclicc in the construction of low-cost 
loads Gompaiing these curves with an idcali^tcd cuivc, we can improve 
the peicentagc by pulling down the hump, or di awing up the .sag, in a 
paiticulai region, by nlteting the giam-sirc distribittion i. c. the 
pioportion of the soil. But this should pci haps siiflicc in indicating the 
line. Let the proper place foi presentation of these results be in a 
I’cchnical papci bcfoic the next Congress. 
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abstract of a *PAPER on 5IASONRY ARCH BRIDGE OF 
35 SPANS OF GO FEET EACH ACROSS THE KRISHNA 
AT DEFOSAGAR — RAICHUR DISrilICT, 

H.EH. THE NIZA5IS DOMINIONS 

BY 


iMo FARnATiiLLA, B Sc , C.E, AMT.E., E>rnitivc Emjimci, 
Special IForZ-s', Nizam' <, P.If' 1). 

1 , Tlie river Kri^ihim Iraverf-Ch the Hydorabftfl St^le from WesL^ to 
East, on tlic &outlicrii portion of the State, nnd forms tlio soutlioin 
boundary between Hyderabad nnd Aliidras Province in tire bitter portion 
of its cniirso. Rniclinr, headqiinitcirs of the district of the Raino ntiinu, and 
im important comniGrcinl town in the Slits, was isolated Iioin Hy'dcrabnd 
duiing the major portion of the yeai, for want of n road bridge across 
the Krislina which crosses the Riichiir Hyderabad Road nt about 12 miles 
North of Rnichur. This road is the loiiin outlet of the Stale to Biingaloio 
and Mysore on the South; Adorn and other iniportiiit places of Madras 
on the East and Sholapur, Bclgaimi and other jilaoes of Bombay in the 
North and Went. Consliuction of a bndeo .inoss the KriMina hiid been 
engaging the attention of the Stn e lor a long lime along with the 
question of locating it cither on the K'iniiil Hyd'iiibad Roid near 
Alampur or on the Raiohur Hyderabad Ro id at Devosagai It was finally 
decided to silo the bridge at Dovosagar niul de-.i"iis and o.slimales wore 
prcpnicd for a masonry atcTied bridge of 35 spans of GO feet each. The bridge 
was completed in Mnich 19 12 at n cost of Rs. 11,38,716 (B S ). The note 
below gives brief description of the design, Enginoeving difiiLulties met 
with during construction, and how these w’Cio ovorcoino. 

2. The rivei is a perennial Btrc.ara, talriiig its souiV’C in the Western 
Ghats near Mahabaleshwor, nnd running in sleep .slopes lliroiigh hilly 
country, in the upper reaches, till it enters the plains near Abimpur. At the 
site of bridge near Devosngar, the catchment area irorks to 40r»0() sq. miles, 
■with a cniciilatcd mivimini disahargd of nvarlv 9 45 million cuseos, 
using the formula*^ ovolvvd by tho late Cliici Eugmoer of the State, Mr. 
Nawab Ali Nawaz Jung Bxlindur. The mean velocity of the river is 8 8 
feet per scoond, and works to 1 3 3 feet pci second under the bridge, with 
an afflux of 1.23 feel. The bed of the river at site is rocky, .strewn with 
boulders. 44 miles higher up, it is joined by Bliim.s, another big river. 
The water in the river rises suddenly nnd rapidly and Hoods are common 
even in the summer montlis. 


'Duo to Iilo rcr-nipt of the pnpi’i from tlio nUtlior nntl llio pioxsiiio for spnro, 
tlio oiiKinnl pnpri hnr, heen iibHtrnnlad It in available lor lofeicnco in tho I.R.C. nltlrc. 

**D-=C .wliiiro C=-1700 for hill cntrhmontR. 

At UiicIpoBilo tliiB worlcH to OrlhlWOeiiqors. .is fompiitod by n Sjipri'il Survey 
friiTi M F.b. at Jtnilwny Ijviilge 2 imlco Inshei up, this rlihrlinrgo woihe to 'i,li|,l.')il 
CUPCCP. 
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3. TJip lyiirli'o ;i<? no« coinplctod con‘<iits of 35 “-imn*' of 00 foot facli. 
\Mtli pier'll abiitmoiit pi(‘is and al)iitnicnt<« of cutctmio rnnsonry, iti suiki 
morlar pointed with ceinont niorfnr ]'J\(Ty 7lli pier is inndf nn ntnitinent 
"pier. Particulars of the In idfje, legiirdinp design and eo«-t aio riirni«hed 
in appendices I and If 

4 The follov mg points de-erro special mention 

(a) The selection of the type of bridge was infliunred by the 
following coii^-idi rations • — 

(i) nvailiihihtv of good ginnitc stone, lime, Mind and siirld witliiii 

slioit Ic.kN 

(ii) arailnbilit\ of hi eel eenteiing' for GO ft spans, used for the 

eonstnielion ofsevtral ■iitnilar bridges of the same .span, in 
« the state 

(ni) e\peiiencc gained in the erection of eiitstonc arch lindges, and 
the ii\nilnbility of tediiiicnl peisoniid for supei vision, and 
shilled workmen for dicssing tlic ciitstonc work for masonry 
and voii'-soiis 

(iv) Incidentally, the bridge work has, hy u-ing all local liihoiir and 
niiilenal, nffordod relief to the people in the loeiildy during 
a period of nouto famine. 

(b) Cofferdams, Fouiidation-. were enclosed in cofferdams, winch 
were formed b}' dumping blasted material and bed boiildeih on the 
iipstrenin and dowii'treain sides, till tliei; wtio 2 ft abo\e the water 
level The ' coflerdam was succevsfiilly staunched bv the silt from tlie 
rivei bed, whieh was thrown on the iipsfi earn side The silt in huspcnsioii, 
on entering the boulder cofTerdiim got deposited in lajors, beiiiii'c of the 
reduction in veloeity, thus securing a wnteilight siltdioiilder loflerdnm. 
Some cofTcrdnnis were ii quarter of a mile long. TJie lop of the coflcidam 
was made snfliciontly wide for a tiollev line with a 4 It margin on either 
side. (Sec alieet No 3.) 

(c) Diwotrrii’ff — tivd plani, Wwk wiis often disturbed even in the 
best woikiiig penson by ilie nver receiving lloodB in the months of ^larcli 
and itpnl Airangemonls were made to get daily rninfall nnd weather 
reports fioni Poonii, to ser^c ah a warning ns to when a^ rise in the river 
could be expected, nnd tlie plants wcic allowed to w’ork in the bed till the 
last moment 

(d) ' An interesting fealuic when lajiiig the arches was, that when 
the keying was in piogioss, vihrnlions were felt in the poitioiiH already 
kejed .Aftei the completion of the woik, the arch ns a whole got lifted 
by ^ inch to inth above the laggings nnd fiiithcr lilirntion ceased. 

5. General High pilnstPro of Gnely drcpscd ciitstonc are pronded at 
the road appionchcs With mab.sivc picis nnd ahutments, nnd arch all of 
ciitstonc, and with well proportioned ciitstone parapets, copings nnd 
jiilnsteis, the bridge blends harmoniously with the surrounding hilly country 
with rocksliewn iivci bed and presents a maje.stic appearance. 
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1. Piers, 

2. Abutment Piers. 
3 Abutments. 

4. Cutwater.*'. 

5. Foundations. 

0 Centering. 


7. Arohs. 


6. Pofldway. 


ft. tliick at Springing with a batter of 1 in 2-1. 
Mnxiinnin Height 44‘5 ft. 

17 ft. thick at springing with a butter of 1 m 12 

12 ft. thick at Rpringuig with a front batter of 
1 in 24 of and a lear batter of 1 in. 6. 

Triniigulai, with a subtended angle of about 80°, 
formed with arcs of radii equal to Jth pier 
width and centres at £th points of tlie same. 

Taken to hard loek, rocky murrain, or fi.ssured 
and ncathcrcd granite ; in the latter two cases 
a cement concicte block 2 ft. thick is laid. 
When laid on rock, ibo .surface was blasted, 
loughcncd and benched with levcr.sed stcpping.s. 
Foundations wore of open t^pc with boulder 
coffcidams — Depth ranged from 2'-S'' to 30 ft. 
below bed. 

6 hteel trusses weighing each 2.5 toii.s, supported 
by wooden stanchions on sand-filled steel 
cylinders which ic.st on eutstono bases, 9 inches 
tliiek on masonry extcn.sions of piers and 
abutments. The centerings uerc erected and 
jilaced in position by a jib crane of 34 tons 
capacity. With a total load after erection of 
335'() tons over the aioli, jnessuie on each 
cut.stonc base is 33*5 tons. 

(a) Springing. 2 ft below maximum flood level. 

lb) jRific, 12 42 ft ; segmental, with a radius of 
curvatuic of intradcis of 42’ 12 ft. Intrados 
subtends an angle of 90° at centre. 

(c) Arc?/ thicl'neaa. 3'-3'' at haunches and 

2'-9'' thick bctu con ; face voussoii.s all S'-S" ; 
granite cutslorie iir siirki moitar 1:1:4 
(1imo, sand and suiki), ivith a murram filling 
of ft. at crown. 

(d) Designed load. 150 lbs. jier sq.ft, of live- 
’ load. 

(c) Drainage provided by 4" diameter reinforced 
concrete pipes — 4 numbeis at the haunches 
and 2 at the crown 

(f) lion rings were inserted in the arch for 
wooden platform for watering during cons- 
truction, and for subsequent lejiair woik. . 

20 ft. clear between ourb.s, which are O'" thick ; 
Parapets of cutstone I'-b' bj^ S'-G*^ high 
including cuistoiio coping — width oiil.sidc to 
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outside of p.arapets 24 It, wearing coat of rcinent 
cuncicto dj inches tliiek, over mnirnm Idling — 
Pioportion of cement eunoietc A^as 1.1 7.> : 4 22 
(cement, sand and iiggicgate) designed on n 
rational basis. 

9. Dcwnlonng. 

Heavy spi mgs were met iiitli 12 ccntiifiigal 
]>iimps of 12 B JJ P. to 14 B 11 P and a total 
capacity oi .5850 gals jier inmiite, were iiicd. 

10. Time for completion 

About 3 ycais with 982 woi l.ing days Time 
taken foi crerting tlio centering nl one span was 
12 days and foi laying oi the nrcli 10 daj’s. 

11. Totnl length of 
bridge from end to 
end of return‘ 1 . 

2ins'.rj''. 

12 Total ooRt of bridge. 

R<.. 11,38,71.) (British etiirency) 

1.3. Cost per S. ft. 

Rs 4.515. 

14. Average Height of 
elevation from 
Imttom of founda- 
tions to rood 
level. 

GG 38. 

15. Cost per sq ft. 
of elevation. 

R«. 0 n/-. 
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APPENDIX 2. 

GENERAL ABSTRACT OF KRISHNA BRIDGE SHOWING THE 
QUANTITIES, AMOUNT, &c 


S.No. Particulars. 


Quantities. 


Amount 
m Rs. (o 8.) 


1. Excavating founds. . . 760.00 Uts: 47,815 

2 Filling foundations. ] 

(i) cemeht concrete. 472.06 „ ( 84,024 

(ii) with coursed rubble stone in surki ( 

mortar. .. 1762.87 „ ) 

3 Superstructure including extra lift — coursed 

rubble stone in surki mortar. .. 7072.76,, 2,51,113 

4. Archwork including extra lift. . . 1948.21 „ 2,78,675 

6. Centerings including cost, trans- 

portation charges, oo'it of new log- 
gings, rectification and masonry for 7 sets of 
stanchion supports and depreciation etc. centrings 1,14,664 

6. Fine dressed coping stones .. 7012.66 Cft. 21,038 

7. Pilling haunches. .. 668.82 Uts. 11,624 

8. Wheel guards. .. 6l08 00Rft. 7,609 

9. Muram filling over haunches. . . 240.89 Uts 4,818 

10. Dewotering founds. . . 78,437 

11. Temporaiy quarters. . . 13,500 

12. Tools and Plants. . . 60,913 

13. Cofferdams. . . 19,33 chains 89,172 

14. Miscellaneous items. ’ 10,937 

Miles. Pur. 

15. Cost of approaches .. 3 - .I 1,10,000 

16. L.S. under Chief Engineer’s control. .. 14,838 

17. Supervision charges . . -83,390 

18. Contingencies. . . 46,233 


TOTAL COST (O.S.) Rs. 13.28,600 


Extra cost for cement concrete wearing coat 
4J" thick over the bridge Avith 1 : 1.76 : 4.22 
proportion on rational basis. . 0 S. Rs 27,000 

Total O.S. Rs. 13,66,600 

N.B — ^The cost of the bridge ivorked out in B.G. cuircncy 
is Rs. 11,38,716. . 

Rate of exchange : 0 S. Rs. 116-10-8 = B.Q,. Rs 100-0-0 




+ ^^O7^S0SP/t/AfQ/fjif 
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Thursday, OrJobei 7th, 1943. 

Ml. All Ahmed (Ghairnfan) called upon Mr. Farhatulla to inlioduce 
his papei “Masonry Arch Bridge of 35 spans of 60 feet each acioss the 
Krishna at Devosugur.” 

The above paper was taken as read. 

A 

DISCUSSION. 

Mr. Farhatulla (Author). — In intioducing the paper, referred to cer- 
tain mistakc.s in print. These arc detailed below 


Page 

Para 

Line 

For 

299 

1 

la 

Devosagar. 

a 

2 

5 

g.45 million 
cusccs. 

as 

2 

6 

Chief Engineer 
of the State. 


2 

G 

Mr. 

300 

3 

3 

Cement mortar. 

9) 

l(iv) 

• • 

During a period 
of acute famine. 

9i 

5 

I 

High pilasters. 

9' 

■) 

2 

Arch all of cut- 
stone. 

301 

App 

>Cl) 


Whole 

paragraph. 


App. 

1(6) 

2 

Suppoitcd by 
wooden \*!tan- 
chions on sand- 
fillcd steel 
cylinders. , - : 


App 

1 (7) 

(d) 

Designed ’load 
150 lbs. per sq. 




■ ft. -of live-load. 

r' 

App. 




1(10) 

I 

About three years 
with 682 ivork- 
ing.'days. 


Rend 

Devosugur. 

9,45,000 cusccs. 

Consulting Engineer to H.E.H. the 
Nizam’s Government. 

To be omitted. 

Suikhi mortar. 

Which is subjected to the constant 
visitation of famines and the loccal 
labour is consequently very poor 
in these parts 

High pedestals. 

The arch is block-in-course with 
the front and the bottom of vous- 
soirs having been finely dressed. 

Cut waters aic purely triangulai 
subtending an angle of go® at 
the apex with their sides making 
angles of ^15° ^vith the faces of 
piers. 

Supported by steel stanchions plac- 
ed over woode’n blocks supported 
on boxed-sand jp steel cylindei-s. 


lbs_pcr sq. ft, of li\ e-load 4 
weight of filling at loo lbs. per sq. 
ft- for I Ft. depth or llje weight of 
masonry at 150 lbs.' per .sq ft. for 
I ft. depth. ' 

Total working. period 682. days for 
sub-.struciuie and 393 days for 
.supcr-stiucluic. In all 

_ 1 • j _ ' ' 
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Paper M — 43— Di<?riTsmoii 


Mr. K. S. Raghavachary (Simla) — 

Mr Farhatulla has a legitimate grouse against me for liaving abridged 
his paper consideiably As already noted in the footnote, this papei was 
received very late Having been included in the piovisional piogiamme, 
we weie obliged to rush through this paper within a week I may peihaps 
mention in this connection that when I was at Hydciabad in June last, t 
had occasion to see the bridge wdiich had then been 1 ecently completed 
and as this is a major masoniy aich budge of fio ft span constiucted with 
indigenous local maleiials such as stone, suikhi, lime, etc, w'lthout any 
cement, I requested Mr. Ahmed Muza to have a paper wiitten on this 
bridge foi ihe advantage of the Indian Roads Congicss He readily 
agreed and this papet is the result 

It would greatly enhance the value of the paper, if the following 
points had also been dealt with 

I. Detailed calculations for the design of the aich, the details of design 
adopted whether it is by elastic theorj’, or Fiillei-s method, or whether 
Emperical formulae had been used 


a. Usually arch is designed assuming the hoiizontal thrust at the 
crown to act at the extieme middle third points. But in this case it has 
been assumed that the thrust acts at the centic Also when the live-load 
is only on one-half of the aicli the direction of this thrust will not be 
horizontal 

S. 

3 Was any impact factor allow'cd in the design i* My own iinpicssion 
is that no impact allow'ance is necessary as the weight of the arch is consi- 
derable compared to the live load Also Kctchuin lecommcnds that no 
impact factor is necessary m the case of masonry ai dies with a crown 
filling of not less than i ft. G in 


Mr, Farhatulla (Author) —It is very' exhilarating aftci the tin moil 
of service for so many yeais to be drawm bark to the good old college 
days when we were tinning pages of 0111 books, drawing stress diagrams 
and detcimining inaMmum and minimum sti esses, coming into play 
because of the eccentnc loading, and I am .grateful to my friend Mr. 
Raghavachary who has so kindly' offcicd me an oppoitunity to revive 
these sweet memories with the commcnis lie has passed on my paper 


I w'ish I had ^ot these day's back but alas they haw gone away 
and never to return and the only c'diiwlapon w'hicli they have left Ijeluncl 
is then token which aic.oui time old companions, the books. 


Well, gentlemen, these compahions which the Hydciabad P W D 
have piovidcd :ue Uicwandl'Jssuie you that their companionship 
has been fully availed, of in the designing of the masonry aicIi foi the 
Krishna Bridge; .'If'-y'OU. also w'ish to enjoy llieii companionship veij 
early, mv request' of vouis that you please pin chase them 
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S. No Subject of Paper No. of Name of Author. 

Paper. 


VOLUME 1 — 1934 . 

I Objects and organisation of a permanent i. K.G. Mitchell, G.I E 
Indian Roads Congress, 

2. Recent methods used for the Treatment i . (a) A.W.H. Dean, M.C. 
of- Roads with Bitumen and Tar in 
Delhi Province. 


3. The Trend of Development in the United 2. 

Provinces in the matter of improving 
Road Surfaces wiih special reference 
to recent Experiments. 

4. Earth Road Construction and Mainlc- 3. 

nance by Machinery. 

5. Earth Road Development and Stabilisa- 4. 

tion with Gravel. 


C.F. Hunter. 


/ 

G.W.D. Breadon. 


Lieutenant-Col. 
A.V.T. Wakely, 

D. S.O., M.C. 


6. Progicss made in tlic use of Tar and 5. (a) S.G. Stubbs, O.B.E 

Bitumen in the Punjab since ilic last 
International Rojids Congress in 
Washington in October 1930. 

7. Notes on the U.SCS of Tar, Bitumens and 5. (b) R. Trcvor-Joncs, 

Emulsions in the Punjab. , 

M.C. 

8. Asphalt Roads. 6. G.G.C. Adami. 

g. The Use of Cement Concictc for the 7. L.E. Greening. 

Construction of Roads in the Bombay 
Presidency 

10 Cement Concrete Roads. . 8. W.J Turnbull 

11. Concrete Roads in H)deiabad (Deccan). 9. .M-A Zeman. 

• 1 1 * “ 

12. Corrugation for water-bound macadam 10. -...-Henry J.M. Cou- 

road surfaces m the Bombay Presidency > 'i sens, 

and a cure. . . ■ ' 

r 

13 Notes on the Plant Used for B.F. Taylor, V.D. 

and Granulating and Operating ‘i'Costs' • 
of the Gauhati-Shillong Roa'd. i ^ ‘ ' 

and Jaintia Hills Divisi'on, Assarh': ■ 

‘ -.'‘V. 'I 

14. -Some Physical Aspects of Roads and la.”' Moss. 

Tyics. • . r':-' '* 

15. , Test Tracks - A suggestion. ^ ^ 't3- • C.D.N. Meaies. 


3o6 


Sub|cct of Paper. 


Name of AiitJior. 


S.No 


No of 
Paper 


Volume 11—1936. 

1 6 An Analvsis of Delhi Road Traffic 14 RL Sondhi. 

Census 

17 A study of the Relationship beUveen 15 Sinha and 

Vehicular Traffic and Road Surfaces as A M. Abbasi 

aficefing the .Selection of an Economic 
Road Surface. 


18 Traffic Census and Road Diagnam iG Lieutenant-Colonel 

W. dcH Haig. 

D.S.O. 

19 Economic.s of Road Maintenance. 17. S Basin ram. 


20 Necessity foi Surface Treatment of 18. V.S. Srinivasara- 
important Tourist Lines and some ghava Achaiiar. 
aspects of Economical woik in that 
direction. 


21. Treatment wiili MoKasses of the Bang.!- ip 
loic-My'orc Ro.id 


Diirnn Bahadur 
N.N A^yangar. 


22 The Road Piohicm in India with 'omc en 
Suggestions 


Colonel G.E. 

Sopssith. 


2<^ Gcneial Resiesv of the Results of Recent 21 K.G. Mitchell, 
Rond E\pciimcnts in Tndt.t as rc\c.ilcd C I.E., _1 S E 

by Modem Piactice. 


24. Road Rcscaich and Results 
05 Road in Rural Areas (V.lhgc Roads). 

q 6 Gravel Roads 


22 C D.N Mcnics, 


23 (a) Rno Bah.adui 
Ch Lai Chiind, 
QBE. 


23. (b) Dhsan B.ahadur 
N.N Av>'ancar, 


27. Vitrified Bricks foi Surfacing Ro.idsin 23 (c) G. Gopala Acharya. 

Deltaic Districts. 

28. Oil as a Bindei foi Earth and Gravel 24. TGF Hcmswoith, 

Roads 


20 . 


Cement-bound Roads. 


W J. Turnbull. 



S. No. 


Subject of Paper 


No. of Name of Author. 
Paper 


30, The Necessity for a Reasonably Uniform a6. M.G. Banerji. 
Standard Loading for Design of Con- 
crete Bridges and a Suitable Loading • 
for Such aud Other Types of Bridges 
on Highways in India. 

31 Design of highway bridges The necessi- 27 W.A. Radice and 
ty for an All-India Specification. P.F.C. Warren. 


32. Permissible Stresses in Concrete Biidge 28. W.J. Turnbull. 

Design 

33. Regulation and Control of Motor Trans- 29. H. Rangachar. 

port in Mysore. 

34. The Construction of the Shi llong-Jaintia- 30. F.E Cormack. 

pur Road in the Khasi Hills, Assam. 

35. X Method of Rapid Road Rcconnais- 31. Captain W.G. Lang- 

sancc. Anderson. 


Volume III— 1937. 

36. Some Notes on the layout of Rural and 32. 

Suburban Roads in the Pilnjab. 

37. Roads and Public Health in India with 33. 

special reference to Malaria, borrow 
pits and road dust. 

38. Further Notes on treatments of Roads with 34. 

Bitumen and Tar in Delhi Province. 

39. Economy and Developments of Bonded 35. 

Brick Concrete Roads, Plain and Rein- 
forced 

40. Ways and Means of Improving the Bullock- 36. G.L W. Moss. 

Cart. 

41. Indian “Road-Aggregates”, Their uses 37. R.L. Sondhi. 

and Testing. 

42. Submeisible Bridge acioss Parbati River 38. Rai Bahadur S. N. 

, at Mile 231, Agra-Bombay Road. Bhaduri. 


R. Trcvor-Toncs, 

M.G. 

Raja Ram. 

A W.H. Dean, M.G., 
A.K. Datta. 


43. Optimum Weight of Vehicles on extra- 39. K.G. Mitchell, C.I.E. 
municipal Road. 


S.No. 


Subject of Paper. 


No of Name of Author. 
Paper. 


Volume rV— 1938. 

44* A method of calculating the Stability of A (I) Guthlac Wilson. 
Braced Pile Piers. 

45- The Dhakuna Lake Bridge A (II) •do- 

- 46. Franki Pile Foundations for Road Bridges. B. W A Radicc. 

47. Reinforced Cement Concrete Badges of G. Rai Bahadur S N. 

24 feet span constructed in Gwalior Bhaduri. 

State. 


48. Reinforced Concrete Bridge across the D. 

Godavari River at Shahgadh in Hyder- 
abad State. 

49. Safe Wiiccl Loads for Indiandloads. £. 

50. Roads under Local Bodies and how to F, 

maintain them. 


Diiar Hussain. 


K.G. Mitchell. 

Rai Saheb Fateh 
Chand. 


51. Corrugations on Road Surfaces. G. G B.E. Truscott. 

5a. An Aspect of Traffic Statistics. H. Ian A.T. Shannon. 


Volume V-:1939. 

53 Some Notes on Submersible Bridges. I. D. Nilson. 

54. Design of Reinforced Concrete Bridges J. Bnj Mohan La/. 

of short Spans for Indian Roads, 

55. Collection of^Iatcrial for and Consolida- K (i) R. Trevor-Jonw, 

tion of IVatcrbound hfacadam. 


56. Layout of Roads R (2) ■do- 

57. Some Aspects of Bituminous Road L. Colonel G.E. 

Construction in India. Sopwith. 


58. Ribbon Development. M. 

tio Soils in relation to Roads, A Bibliological N. 
Study. 

60. The use of Soil Stabifisation Ja Unme- O. 

tailed and Metalled Roads in India 

61. Revitalization- of Tarifed or Bitumcned P. 

Smfaccs by Mix-in place Methods using 
Cut-Back Asphalt. 


A,S Mip 
G.W. D. Breadon. 


Sita Ram Mehra. 


Captain R.C. 
Graham. 
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Subject of Paper. 


No. of Name of Author 
Paper. 


S. No. 


62. Surface Treatment of Concrete Roads Q,. 

when Outworn. 

63. A Seiious Failure in the* Painting of a R. 

Steel Highway Bridge. 

Volume VI— 1940 . 

64. Evolution of the Thin Concrete Road in A-39 

the United Provinces. 

65. Repair and Maintenance of Cement B-39 

Concrete Roads. 

66. Development and Application of Village C-39 

Cement and High Silica Portland 
Cement for the Construction of Concrete 
Roads. 

67. The Sai Bridge. D-3g 

68. Present Day Methods of Bituminous Road E-39 

sui facing work in Ckota Nagpur, 

Bihar, • 

6g. Stabilisation of the Unmctalled Berms of F-39 
Metalled Roads. 

70. Light Bituminous Surfacings. (^‘39 

71. An Economical Substitute for Waterbound H-39 

Macaddm. 


72. Slip and Subsidence in a Hill Road. I-39 

73. Roads in India and Australia-Our difli- J-3g 

culties and some Suggestions. 

74. Standaidization. 1^*39 

75. Impact of Reinforced Concrete Road L-39 

Bridges as compared to Steel Bridges. 

Volume VII— 1941 . . 

76. Intermediate Screw Piles for the Founda- A-^p 

tion of Bridges in Soft Soils. , ■ , , 

• I 

77. The Failure of a Multi-Arched Masonry B-4‘6 

Bridge. - . 

t * 

78. Transition Curves for Roads ‘ ■ C-40 

1 - ' ' 

79. Trackways for Rural Road Development. D-40 


W.A. Radice. 

W.L. Murrell. 

W.F. .Walkci . 

Rai Bahadur A.C 
Mukcijcc. 

A.K. Datta. 

M.A. Komi. 

S.A. Amii". 

S.R. Mchra. 

Ian A. T. Shannoi 

A. Laksminarayan 
Rao. 

e 

D.C. Datta. 

W.L. Murrell. 

D. Nilson. 

E. P. Nicolaidcs. 

M.S. Doraswamy 
Ayyangar. 

S.K. Chose . 

. W.R.. Floury. 

Sir K.G. Mitchell. 


S No 


Subject of Paper 


No of Name of Author. ‘ 
Paper 


8o The Steel Tyre Problem Unfolds E-40 W L Murrell. 

81. PrimerSj their Nature and Uses ^ F-40 N. Das Gupta. 

82 Sevoke Bridge G-40 John Chambers. 

83 The Use of Soil Stabilisation in the H-40 S.R. Mehra 

Metalled and Unmctalled Roads in 
India 1 1 

84 Notes on Drag Spreading and Drag I -40 WL. Murrell 

Brooming 

Volume VIII — 1943 

85 The Broad Glassific.ition of Traffic and A-41 Sir Kenneth 

Gontiibutory causes of Wear and Tear Mitchell, 

of Roads 

86 A Note on the Reconstruction of Roads B-4i S.N. Chakravarti. 

carried out in the U P with special 
reference to experiments earned and 
the use of Traffic Statistics. 

87. Raising the Road Rupee Ratio with a G-41 W.L. Murrell, 
special reference to the Steel Tyie 

88 Some Experiments to Stabilize Moorum D'4i K. Gupta. 

Roads in Ghota Nagpur. 

8g Further Development in Village Cement £-41 A K. Datta. 
and High Silica Portland Cement for 
the construction of Concrete Roads 

go Boat Bridge across the Indus. F-43 G.G. Khanna. 

91 Some Notes o 1 lire maintenance of G-43 Rao Bahadur A.L. 

Water-Bound Macadam Roads Rao. 

92. Submersible Budge over the Ujh River H-43 S.B. Tyabji. 
m Jammu Province 

93 The Revised Specifications foi -Bitumen I-43 Abdul Aziz. 

' Roads in the Punjab 

94 Proposals for an All-India Sun-ey of J-43 J Vesugar, 

Bullock Carts by means of random samp- 
ling 

95. Cement Concrete m the BOmbay-Poona K-43 W H E Garrod. 

Road. 

96. Fundamentals of Soil Mechanics L-43 F.L.D Woolteiton. 

97. Masonry Arch Bridge across the Kistna M-43 Md. Faruhatullaii,. 

at Deosagar, Hyderabad (Deccan) 
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APPENDIX II 

SUBJECT INDEX 

Classification. 


1. Roads in General. 

II. Road Surveys, Design, Lay- 
out and Construction. 

III. Soil and Earthworks ; Soil 
Science as adapted to road 
foundation, Banks and Earth 
Surfaces, Soil Stabilization 
etc. 

IV. Watcrboilnd Macadam 
Roads, and other low-cost 
roads such as mooram, brick 
and other forms of track- 
ways. 

V. Tar and Bitumen Surfacing ; 
Carpets etc. 

VI. Concrete, 

VII. Miscellaneous Materials and 


Processes; Aggregates, Tests, 
Sizes, etc. 

VIIL Bridges, Retaining Walls 
and other structures. 

IX. Traffic Statistics ; Regula- 
tion and Control of Traffic ; 
Economics of Roads and 
Road Transport. 

X. Road Maintenance and 
Road Usages. 

XL Standardization ; Designs, 
Loadings, Impact ; Speci- 
fications. 

XII. Research' and Experiments. 

XIII. Administration and Finance. 

XIV. Plant, Machinery and 
Apparatus. 


I. Roads in General. 
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1 Reference to Proceedings. 

0 h 

Scr. 

No. 

Name of paper. 

Name of 
author. 

lii 

No, of 
paper in 
volume. 

Pages. 

Senal Is 
of pap 
In genei 
index. 

1 

Road^ and Public health in 
India with special referen- 
ce to malaria, barrow- 
pits and road dust. 

Raja Ram. i 

III.V 

33 

64-73 

' 37 

9 

Safe wheel loads for Indian 
Roads. 

K.G. Mitchell 
& 

Jagdish Prasad. 

IV. 

r 

E. 

I (c) to 

32 (c). 

49 


Corrugations on road 
surfaces. 

C.B E. 
Trustcolt. 

- IV. 

G. 

I (b) to 
24 (b) 

5 * 

4 

Ribbon Development. 

A. S. TroIIip. 

V. 

M. 

I (m) to 
30 (m). 

58 

5 

Slip and subsidence in a 
lull road. 

A. C. Dntta. 

VI. 

1 - 39 . 

I (1) to 

17 (>)• 

79 

6 

» 

The Broad classiflcation 
of TrafEo and contribu- 
tory c.’iuscs of wear and 
f tear of roods. - 

Sir Kenneth 
Mitchell. 

VIII. ■ 

A-41. 

I to 4 (b) 

85 










Serial No. 


3*2 


II. Road surveys, Design, Layout and Construction. 




Reference to Proceedings. 

berinl No. 

I of paper 1 
in general 
index. 1 

Name or paper. 

Name of author 

Volume 

No. 

No. of 
saper m 
\oluznc 

Pages, 

Cohiiniction of Shillong 
Jaintipur Road, Kbasi 
Hills, Assam. 

F. E, Cormarh 

II. 

30 

390-397 

34 

A method of rapid road 
reconnaissance. 

Captin W.G 
Lang Anderson. 

II 

3« 

S98-416 

35 

Some notes on the layout 
of rural arid suburban 
roads in the Punjab. 

R. Trever Jrifles. 

lil. 

Sa 

lO-aG 

36 

Opliinum might of ve- 
hicles on e'ctr.'i-lnunicipal 
roads. 

K G.Mitbhrll. 

Ill 


0&‘io5 

43 

Layout of Roads 

R Trever Jones. 

V. 

k(ii) 

4(k)to 
t; (k) 

18 (k) to 
43 (ka) 

56 

Transition cun es for roads 

W.R Fleiiry 

VII 

C 40. 

«5 ‘0 47 

78 

Soil and Earthworks, soil Science as adapted to Road foundation, 
Banks, and Earth surfaces, Soil stabilization, etc. 

Earth roid construcUon 
and maintenance by 
machinery. 

G.\V.D. Bniadon. 

I. 

3 

go-ios 

4 

Earth Road Development 
and stabilization imiIi 
gravel. 

Lt. Col A.V.T. 
Wakloy. 

I. 


GO-Dg 

5 

Roads m Rural areas 
(village roads) 

R a 0 Bahadur 
Ghowdhary Lai 
Chand. 

II. 

< 

as (a)* 

igi-ig4 

327-233 

25 

Oil as binder for earth 
and grave] roads. 

T. G. F. K 
Hemsworth. 

II. 

S4 

205-233 

28 

Soils m relation to Roads — 
A bibliological study. 

G, W. D. 
Btiadon. 

V 

N. 

1 (n) to 
12 (n). 

59 

The use of soil stabilization 
in unmetalled and metal- 
led roads in India 

S. R Melira. 

V. 

0. 

I (d), to 
21 (0). 

0 

1 

Stabibzation of unmetalled 
berms of metalled roads. 

S R. Mehra. 

VI. 

F-39. 

l (f ) to 
25 (f). 

69 

The use of soil stabiliza* 
tion in unmetalled and 
metalled roads in India. 

'S. R. Mehra* 

i - ' - 

vn. 

H-40. 

t35-i56 

(g)* 

83 

Some experimenls to stabi- 
lise moorum roads- in 
Chota Na^ur. 

K Gupta. 

VIlI. 

D- 41 . 

.57to74(b' 

- 8g 
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Reference to Proceedings. 

Senal No. 
of paper 
in general 
index. 

Name of paper. 

Name of author. 

1 « 1 

1 

Volume 

No. 

No. of 
paper in 
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Bezwada 

85. Subrahmanyan], K.S , Esq , 

Office of the Superintending 
Engineer, Communications, 
Tnchinopoly. 

86. Sundara Rao, H , Esq., 

District Board Engineer, 
Tanjorc (Madras). 

87. Sundaram Pillai, N.P., Esq., 

District Board Engineer, 
G/o Supdg. Engineer, 
Communications, Madras. 

88. Tirumalaiswarai Ayyar, K., 

Rao Bahadur, 

Supdg Engineer, Communi- 
cations, Tnchinopoly 

(Madras). 

89. Venkatakrishna Iyer, L , 

Rao Bahadur, 
Chief Engineer (retired), 
P.IV D., 17, Cathedral Rd , 
Cathedral P.O , Madras 

90. Venkataramanaraju, F., Esq., 

Supdg. Engineer, A. R. P., 
Chepauk, Madras. 

01 . Venkatasubrahmanya Iyer, 
C. S , Esq., 

'Khosalam’, Abhirampuram, 
2nd St., Bhumanipet, Myla- 
porc, Madras 


Bombay 

92. Adke, A. S , Esq., 

District Engineer, District 
Local Board, Dhanvar. 

93. Bannerjee, H. F.. Esq., 

Chief Electrical and Mecha- 
nical Engineer, Dawn Hills, 
Ferguson Road, Bombay, 13 

94. Banneijec, Tulsidas, 

Rao Sahib, < 

Ghikalvadi Road, Kirkce. 

95 Batliwala, H. S., Esq , 

Dist. Engineer, Bombay 
Dist., Concrete Association 
of India, Bombay. 

96 Bhate, K G., Esq., 

Asst Engineer, P. W, D , 
Office, Kaira. 

• 

97. Barucha, M D , Esq., 

G/o The All India Construc- 
tion Co , Ltd., Wittet Rd., 
Ballard Estate, Bombay. 

98. Bhandarkar, 6. Fv, Esq., . 

Retd Chief Engineer, Holkar 
State, Plot No. 56, Sion 
Road, Bombay 22, 

9g. Bum-Lawson, A , Esq., 

C/o The Hindustan Cons- 
truction Co., Ltd , Ballard 
Estate, Bombay. 

iQo Chinchankar, K. B , Esq , 

Engineer and Contractor, 
573/4, Shanti Niketan, 
Jungli Maharaj Road, 
Poona. 

101. Ghoksi, B K , Esq., 

C/o P. W. D., Bagalkot, 
Dist. Bijapur. 

102. Clayton, R., Lt. Col., 

Comouflage School (India), 
Kirkee. 

103. Daftary, G. D., Esq , 

Chief Engineer and Sccre- . 
tary to Govt, of Bombay, 
P.W.D., Bombay. 

104. Doshi, M. M , Esq., 

C/o The Indian Hume Pipe 
Co, Ltd., Murbid Road. 

J^alysai . . 
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105. Edwin, J. W., Esq., ■ 

Executive Engineer, Bombay 
Aviation Division, Comme- 
rce House, Ballard Estate, 
Bombay. 

106. Endlaw, D. N., Esq., 

Executive Engineer, Bombay 
Aviation Division, Comme- 
rce House, Ballard Estate, 

Bombay. 

107. Garrod, W.H.E., Esq., 

Chief Engineer, P. W. D., 

Bombay. 

108. Gandhi, K. J.,. Rao Bahadur, 

Executive Engineer, P.W.D., 
Bhadra (Ahmedabad). 

109. Ghose, K. P., Esq., 

S. D. O , High Explosive 
Factory, Public Works Divn., 
Kirkce. 

I to. Golwala, P. E., Esq., 

Civil Engineer, G/o Chief 
Engineer, Bombay Port 
Trust, Fort, Bombay. 

111. Gough, D. E., Esq., 

The Society of Motoi Manu- 
facturers Traders, Ltd., Na- 
tional Insurance Buldgs. 27, 
Bastion Road, Fort, Bombay. 

1 12. Goghari, N W., Esq., 

S.D.O., P.W.D., Canal 

Sub-Divn., Ahmedabad. 

ii3t Joshi, N. S., Rao Bahadur, 

Executive Engineer’s Bunga- 
low, Satara. 

114. Joshi, Sitaram Balakrishna, 
Esq., Examiners’ Press 
Building, Dalai Street, Fort, 
Bombay. 

Joglekar, G.D., Esq., 
Executive Engineer, District 
Local Board, Thana, Bombay 
Presidency. 

1 16. Kothari, H.J., Esq., 

Roads Engineer, Messrs. 
Burmah Shell Co. 

1 . of India, Ltd., 

Ballard Estate, Bombay. 


1 1 7. ICynnersclcy, T.R.S., Esq., 

Chief Engineer, Concrete 
Association of India, 

Hamam Road, Bombay. 

118. Mabida, U.N., Esq., 

Poona Irrigation Research, 
Poona. 

iig. Manson, J.A.S., Esq., 

Executive Engineer, P.W.D., 
Nasik. 

120. Maswani, V.M., Esq., 

Indian Hume Pipe Go., Ltd., 
Construction House, 

Ballard Estate, Bombay. 

121. Modak, N.V., Esq., 

City Engineer, Bombay. 

122. Murthi, N.V.S., Esq., 

Executive Engineer, 

P.W.D. Scertt., 

Fort, Bombay. 

123. Mufti, M.I. D., Captain, 

Garrison Engineer, Deolali 
(South). 

124. Nadirshah, E.A., Esq., 

Hydraulic Engineer, 
Improvement Trust Bldgs., 
Napier Road, Fort, Bombay. 

125. Nicolaidcs, E.P., Esq., 

Chief Designer, Messrs. J.C. 
Gammon, Ltd., Hamilton 
House,' Bombay. 

126. Eancholy, H.M., Esq., 

Saraswati Soeicty, 

Ellisc Bridge, Ahmedabad. 

127. Patil, B D., Esq., 

Municipal Engineer, 
Ahmedabad. 

128. Parikh, H.B., Esq., 

17, Sidhavina, Narsingh 
Lane, Malad. 

129. Plunkett, P.A., Esq., 

No 6, Salisbury Park, 

P.O. Box No. 15, Poona. 

130. Ratnagar, R.D., Esq., 
‘Monrepos’ Land’s End, 

^ Bandna, Bombay 20. 

131. Rcge, S.B., Esq., 

Executive Engineer, 

Nasik Division, Nasik. 
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142. 

143 - 


Rege, D.Y., Esq., 144. 

G/o Standard Vacuum Oil 
Co., Neville House, Ballard 
Estate, Bombay. 


Sandhawalia, N S., Esq , 

G/o Shalimar Tar Products, 
Ltd., 16, Bank Street, 

Bombay. 

Sanjana, N P., Esq., 
Engineering Assistant, Chief 
Engineer’s Ofl 5 ce, Bombay 
Port Trust,- Ballard Estate, 
Bombay. 

Shannon, Ian A T , Esq., 

G/o The Burmah-Shcll Oil 
Company, Imperial Chemical 
House, PB No. 688, 
Ballard Estate, Bombay. 

Smith, H C , Lt Col , 

G/o I.R.T D A. Ltd ,4^1 
Nicol Road, Ballard 
Estate, Bombay. 

Sowani, D G., Esq , 

Estate and Guy Improvement 
OlHcer, Ahmedabad 
Municipality', Ahmedabad. 

Sukhatankar, V.M , Esq., 
District Engineer, District 
Local Board, Belgaum 

Trollip, A S , Esq., 

Hony. General Secretary, 
The Safety Fust Association 
of India, Electric Lane, 

■ ■ Fort, Bombay. 

Tyabji, S.B , Esq , 

Somerset Lodge, Worden 
Road, Gumballa Hill, 
Bombay 

Turnbull, W.J , Esq., 

C/o Shalimar Tar Products, 
16, Bank Street, Bombay. 

Vagh, B V., Esq., 

Road Engineer, Burmah , 
Shell Oil Distg Go. of India, 
Ltd , Bombay. 

Varlak, G R., Esq , 

District Local Board , 
Engineer, Satara City. 


>45 


146. 

147. 

148. 

149 • 

150. 

> 5 > 
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1.56. 


Vaze, D L., Esq., 

C/o Messrs. Vaze Balangi, 
Examiner’s Press Bldgs., 
Meadows Street, Fort, 
Bombay. 

Wale, ND. Esq, 

Special Engineer, Municipal 
Borough, Hubli, District 
Dharwar. 

Bengal 

Bannerji, M. G., Esq., 
Controller of the Stores, 
Calcutta Corporation, 140, 
Lower ’ Circular Road, 
Calcutta. 

Bhattacharya, H , Esq., 
Executive Engineer, 
Department of Gommunica- 
ions and Works, Comilla. 

Bose, R K , Esq., 

Executive Engineer, 
Bakarganj Division, 

Barisal (Bengal). 

Bose, K N., Esq., 

Executive Engineer, 

C. & W. D., Rajshahi 
(Bengal). 

Chatterton, Kenneth, Esq., 
Manager, Structural and 
Bridge Building Department, 
Bum & Go., Ltd., Calcutta. 

Ghattcijce, S C , Esq., 

Supdg. Engineer, Dacca 
(Bengal) 

Chambers, J., Lt. Gol., 

Chief Engineer, Bengal 
P. W. D.j Calcutta. 

Ghakravarti, S. N., Esq ; 
Municipal Engineer, Dacca. 

Chatterjee, G C., Esq., 
Mirzapur Street, Calcutta. 

Chatterjee, R., Esq., ' . 
Executive Engineer, 

Burdwan Division, Hoogly. 

Chatterjee, Dina Bandhu, Esq., 
C/o R. S. A T. Chatteijec, 
Kankgially, P. O. Chinsura, 
District Hoogly.:. 
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157 * Dutta, P. R.| Esq., 

Executive Engineer, 

C. & W. Department, 
Suburban Division, Calcutta. 

158. Das,N., R.S., ^ 

Executive Engineer, Higli 
Division, Calculla. 

159- Dc, S. N., Esq., 

Assistant Engineer, Kurscong 
Sub-Division, Kurscong 
(Darjeeling). 

160. Dam, S.C., Esq., 

23, Southern Avenue, 

Calcutta. 

x6i. Desai, D.S., Esq., 

C/o Messrs. Braithwaitc 
and Company (India), 

Ltd., Hide Road, Calcutta 

162. Datta, A. K., Esq., 

Consulting Engineer and 
Master Builder, 5, Hastings 
Street, Calcutta. 

163. Dunbar, H. M., Captain, 

Chief Engineer, Factories, 
34, Park Street, Calcutta. 

164. Fielder, C. J., Esq , 

G/o Messrs. Turner 
Morrison and Go., Ltd., 

. Calcutta. 

165. Gilmore, E. F. G., Esq., 

8, Royal Exchange Place, 
Calcutta. 

166. Guha, J. G., Esq., 

Office of the Chief 'Engineer, 
C. & W. Department, 
Writers’ l^uildings, Calcutta. 

167. Guc, K. C., Rao Bahadur, 

District Engineer, Jalpaiguri. 

168. Gupta, Indu BhushanDas, Esq., 
• Exccun\e Engineer, C.&W. 

Department, Darjeeling. 

169. Gupta, N. G. Das, Esq., 

Assistant Engineer, 
Communications and 
Works Department, 

Calcutta. 

X70. Ham, H. W. T., Esq., 
Managing Director, 
Braithwaitc and Company, 
Hide Road, Kidderporc, 
Calcutta'. 


1 71. Hoghshaw, F. H., Esq., 

Special Officer, Roads Fund 
Works, G/o Chief Engineer, 
G. & W. Dept., Writers’ 
Buildings, Calcutta. 

172. Jardine, Alexander, Esq., 

Director, Jessop & Go. Ltd., 
93, Clive Street, Calcutta. 

173. Kcaiinge, H. A , Esq., 

Executive Engineer, P.W.D., 
Darjeeling. 

174. Kerr, J. Oldfield, Esq., 

G/o Burmah Shell Oil Go., 
Ltd., Post Box No. 360, 
Calcutta. 

175. Kirk, E S , Esq., 

C/o Braithwaitc Bum & 
Jessop Construction Go. 

Ltd., Mercantile Buildings, 
Lai Bazar, Calcutta. 

176. Korni, M. A., Dr., 

2, Bishop Lefroy Road, 
Calcutta. 

177. Lloyds, M. E., Esq., 

C^Thc Standard Vacuum 
Oil Co., Calcutta. 

178. Malik, D. N., Esq., 

Executive Engineer, 
Jalpaiguri. 

179. Marik, Tar.apada, Esq., 

Executive Engineer, Higli 
Division, C. & W. 
Department, 8, Lyons 
Range, Calcutta. 

180. Mitra, T., Esq., 

Supdg. Engineer, Darjeeling. 

181. Morgan, I., Esq., 

103, Clive Street, Calcutta. 

182. Mookcijcc, B. N., Esq., 

G/o Messrs. Martin & Go., 
IS, Mission Row, Calcutta. 

183. Mukerjee, R. N., Esq., 

41/1, Elgin Road, Calcutta. 

184. Mukhetjee, S. N., Esq., 

Consulting Engincci and 
Architect, Ravhunath Ganj, 
Dist. Muishidabad. 



185. Maujumdar, Santosh Kumar, 

Esq., BhowaniporcT M.G A , 
73, Fuddapukar Road, P.O 
Elgin Road, Calcutta. 

186. Mukherji, F K , Esq., 

a8, Ahiris Oikes Street, 
Calcutta. 

187. Naugeredc, C E dc la. Esq., 

Garrison Engineer, Dacca. 

188. Naziruddin, K , Esq , 

12, Circus Avenue, Calcutta. 

189. Nunn, Alfred Henry, Esq., 

Executive Engineer, 
Chittagong (Bengal). 

190. Roberts, S A., Esq , 

Partner & Co., Charttcred 
Bank Buildings, Calcutta 

191 Roy, T. K , Esq , 

District Engineer, Dacca. 
Bengal. 

19a. Roy,D. N.Esq, 

Asst Engineer, Calcutta 

193. Sen, G , Esq , 

District Engineer, 

Midnaporc (Bengal). 

194. Stein, J. A., Esq , 

C/o Llyods Bank, 6, Palmal, 
S. W. I , London 

195. Barker, B N., Esq., 

Executive Engineer, 

Rajshahi (Bengal). 

ig6. Sujan, S. B , Esq., 

District Engineer, Concrete 
Association of India, 

Victoria House, Calcutta. 

197. Tandy Green, C. W., Esq , 

Superintending Engineer, 
Presidency Circle, Imperial 
Secretariat Buildings, No. 

3, Govt. Place West, 

Calcutta 

198. Tweed, J G Rathlin, Esq , 

Works Manager, Braithwaitc 
& Co , Ltd , Hide Road, 
Kiddcrporc, Calcutta. 

199. Warren, P F S , Esq., 

Director, jessop & Co., 

Ltd , 93, Clive Street, 
Calcutta. 


United Provinces 

Agarwal, S K., Esq., 

Assistant Engineer, P.W.D., 
Moradabad. 

Bagchi, C G., Esq., 

Municipal Engineer, 
Lucknow. 

. Bisht, M S , Esq., 

Executive Engineer, P.W.D , 
Dehra Dun. 

Chakravarti, S N., Esq., 

9, Fyzabad Road, Lucknow. 

Fateh Chand, Rai Saheb, 
Secretary Engineer, 

District Board, Bijnor (U.P.). 

Gupta, Harbans Lai, Esq., 
Assistant Engineer, P.W.D., 
Allahabad. 

Gupta, S M„ Esq., 

Executive Engineer, P.W.D , 
Burma (retd ), Ramanuja 
Dayal Street, Ghaziabad. 

Jagdish Prasad, Esq , 
Executive Engineer, P.W.D., 
Bareilly. 

Jag Mohan, Esq., 

Executive Engineer, 
Military Works Divn., 
Moradnagar, District 
Meerut. 

James Harris, Esq., 

District Board Engineer, 
Civil Lines, Saharanpur. 

Khanna, Prem Nath, Esq , 
District fioard Engineer, 
Muttra. 

Lakshman Swarup, Esq., 

Asst Engineer, P.W.D., 
Fyzabad (U.P.) 

Mababir Prasad, Esq , 
Additional Chief Engineer, 
P.W.D.. B & R. Branch, 
Lucknow. 

Mahendru, B L., Lt , 

Assistant Garrsion Engineer, 
Shahjahanpur (U.P.) 

Mirza, M.A , Esq,, „ 
Assistant Engineer, P.W.D., 
B. R., Banda. 
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218. 
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* 

■ 221 . 

222 . 

223. 

224. 

225. 

226. 

227. 

228. 


Mukerjee, A.G , Rai Bahadur, 
Supdg Engineer, P.W.D.', 
Lucknow. 


229* Varma, Han Gopal, Esq., 
District Engineer, P.W.D;; 
Pauri, Garhwal (U.P.) 


Narayana, A., Esq , 

As-^t. Engineer, Bcrhampore 
Estate, Gonda (U.P.) 


230- Vahidy, Zahii Ahmed, Esq., 
Executive Engineer, P.W.D., 
Nainital (U.P.) 


Parmara, D.S., Esq., 

A.P. Sen Road, Lucknow. 

Qureshi, A.H., Esq., 
Executive Engineer, 
Military Works, P.W.D., 
Provl. Division, Meerut.* 


231. Walker, W.F., M.G., 

Chief Engineer, P.W.D., 
Lucknow. 


232- Zulshi, M.N., Esq., 

Engineer, District Board, 
Gorakhpur. 


Sahney, J.G., Esq., 

P.A to the Chief Engineer, 
P.W.D., Lucknow. 

Sarma, Hari Shankar, Esq., 
District Board Engineer, 
Meerut. 

Sarkar, R.K., Esq., 

Hony, Secretary, U.P. 
Centre, Institution of 
Engineers, Lucknow. 

Shaima, S.S., Esq., 

Executive Engineer, P.W.D., 
Benares Provincial Division, 
Benares Gantt. 

Sheth, K.L., Esq., 

Trust Engineer, Gawnpore 
Improvement Trust, 
Gawnpore. 

Shoba Ram, Esq., 

Assistant Engineer, 
Gawnpore Improvement 
Trust, Gaivnporc. 

Sri Narayan, Rai Bahadur, 
Supdg. Engineer, Lucknow. 

Srivastava, Madho Prasad, 

Esq., 

District Board Engineer, 
Lucknow. 

Stevens, A E., Lt.-Col., 
Commanding Royal 
Engineer, Meerut Dist. 
Headquarters, Dehra Dun. 

Sundaresan, T.V., Esq., . ' 
Resident Engineer, 
(G.I.P.,;Rly.)., Mahabo P.O. 

(U.P.) . 


The Punjab. 

234. Abdul Hakim, Sheikh, Esq., 

Sargodha (Pb). 

235. Abdul Aziz. Esq., 

Under Secretary to Govt. 
P. W‘ D., Lahore. . 

■236> Abdul Qadir, Esq., 

Executive Engineer, Mcleod 
Road, Lahore. 

237. Ajwani, J. M., Esq., 

S D O., Garrison Enginc- 
" " cr’s Office, Ferozepore 

(Gantt.) 

238> Arora, K. N., Esq.. 

Distt. Engineer, Ambala 
City, N. W. Ry. 

239> Aziz, S A., Esq., 

Dist. Engineer, Campbellpur, 

24o> Bashiram, S., Esq., 

Supdg. Engineer (retired), 
The Punjab P.W.D., Lahore. 

241. Bishamber Dayal, Esq., 

District Engineer, Rohtak. 

242. Bikramji, Esq., 

S. D. O., B. & R. Branch, 
Lyallpur (Pb.) 

243. Budhiraja, Balwant Singh, Esq., 

S. D. O., Campbellpur, 
(Punjab). 

244. Champa Lai, Esq., 

Executive Engineer, P.W.D., 
Ludhiana. 

245. Dogra, R. N., Esq., 

Post War Planning Officer, 
'Punjab, P. W. D. Seertt., 

■ B. & R. Branch, Lahore. 
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2^6. Ecclcslon, W, D., Esq., 
Executive Engineer, 

»2<1, Mayo Road, Lahore. 

247 Ficak, L A., Esq , 

Chief Engineer, Punjab, 

P. ^V. D. Scertt., B. & R. 
Branch, Lahore 

s.]8. Ghnni, M. A., Esq , 

Asst. Engineer, P.W. Deptt., 
Amritsar. 

S49 Gopat Das, Esq., 

S D. O., Ludhiana (Pb.) 

250. Harris, II. A.. Esq, 

Supdg Engineer, Rawal- 
pindi. 

251. Hamccd-nd-din, Esq., 

Municipal Engineer (B. & R }, 
Municipal Committee, 
Amritsar. 

2.-. 2. Iqb.il Singh, Esq , 

S. D O , P W. Dept., Provl. 
Sub-divn. ]ullundiir Cantt 

(Pb.) 

23<j Kid.ir Nath, R. S , 

E\cculivc Engincci, P.^V.D., 
B &. R. Br., Gurgaon 

ar,} Kh.anna, G. G , Esq., 

I'Accutivc Engineer; P.W.D., 
Multan Cantt. 

255. 1*11. Brij Mohan, Esq., 

Executive Engineer, P.W.D., 

‘ Lahore. 

256. Malik, Abdul Mcnon, Esq , 

Evccutive Engineer, P W.D. 
B. & R. Br , Lyallpur 

nti-T. Malbotra, Afit CImnd, Esq , 
C/o Chief Engineer, P.^V.D., 
Scertt , Lahore 

258 Mehta, Iqbal Narain, Esq., 
Municipal Engineer, Public 
Hcaltli, Amritsar. 

® 59 * ^^clira, S. R , Esq ^ 

Exccutis'c Engincei, Special 
Divn., Lahore 

260. Mchar Singh, Esq , 

S D. O.. P tV-lJent . Kulu. 


261. Mur.iri Lai, Esq., 

Executive Engineer, Ambalap 
Provl Division, Ambala 
Cantt 

2G2. Nayar, D P., Esq., 

Executive Engineer, P.W.D., 
Jullundur Cantt 

263. Nangca, Ganpat Rai, Esq , 

Executive Engineer, P.W.D , 
Aerodromes Divn., Chakival, 
Dist. Jhclum 

264. Nayyar, Sohan Lai, Esq , 

Municipal Engineer (B. & R.)' 
Lahore Corporation, Lahore. 

265. Nagarkar, D.B , Esq., 

C/o The Concrete Associa- 
tion of India, Oncntal Buil- 
dings, The Mall, Lahore 

266. Parang, Han Ram, Esq., 

Retd, Executive Engineer, 
Lai Chowk, Quila Gujar 
Singli, Lahore 

267 Purii A. N., Di , 

Director, University Chemi- 
cal Ldboratorf, Lahore 

268. Radha Krishna, Esq , 

S. D O, P. W. Dept, 
Lyallpur 

r>6g. Slinrmn, K. R., Esq , 

Prof of Civil Engineering, 
McLagan Engineering Col- 
lege, Lahore 

270. Sharma, D C., Esq., 

Executive Engineer, Cons- 
truction Divn., Gurdaspur. 

271. Sondhi, R. L,'Esq, 

Executive Engineer, 3, Col- 
lege Road, Lahore. 

272. Sii Ram, Esq., 

Chartered Engineer, 10, the 
Mall, Laliore. 

273; Trevor Jones, 'R., Esq , 

Retd Chief Engineer. C/o 
Chief Engineer, P W D , 
B & R BrancJi, Lahore 

274. Varma, P L., M. B. E., 

Supdg Engmcci, B & R- 
Br , Lahore 
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275 * Wahecd, M. A., Esq., 

Asst. Executive Engineer, 
P. W. D., Gurdaspur Cons- 
truction Sub-division, Gur- 
• daspur. 

276. Whishaw, W.B., Col., O.B.E., 
M. G., 

Deputy Chief Engineer, 
Lahore Dist., Lahore Gantt. 


C. P and Berar 

277. Chance, P. V., Esq., 

G/o The National Bank of 
India, Nairobi, Kenya. 

270. Cochiane,G.A.D , Esq.^ 

Superintending Engineer, 
P.W.D., Raipur (G.P.). 

279. Dave, D.P., Esq., 

District Engineer, Akola. 

280. Dcvasthala, K.B., Esq., 

District Engineer, Distt. 
Gouncil, Ycotmal (G.P.)^ 

281. Ghanekar, Y.K., Esq., 

Assistant Engineer, Kaorcs 
Bungalow, Dhaiampcth 
(Nagpur) 

182. Kane, V.S., Esq., 

G/o The Hindustan 
Gonstruction Go., Ltd., 
Khamia Post, Jubbulporc. 

283. Newton, B. St. J., Esq , 

Ghief Engineer, G.P. & 
Berar, P W D , Nagpur. 

284. Roy, G.B,, Esq., 

Supdg Engincci, Nagpur. 

285. Shah, V.J. Esq., 

Resident Engineer, R.S. 
Dcvji Dhaisi and Sons, 
Military Works, Kami 

(G.P.) 

286. ToddjJ. M., Esq., 

Executive Engineer, 

, Bilasporc. 

287. Tripathi,.S.N., Esq., 

Assistant Engineer, No. 1, 
Aerodromes*, Raipur (G.P). 


Bihar 

288. Ae®. A.K., Esq., 

Deputy Ghiet Town Engincej;. 
- Tata Iron and Steel Co., 

Ltd., jamshedpur. 

289. Akhtar, S.E., Esq., 

Assistant Engineer, Post 
Office Bihta (Patna). 

200. Amir, S.A., Esq., 

Superintending Engineer, 
Chhota Nagpur Circle, 
Ranchi. 

2gi. Bdhl, M.L., Rai Bahadur, 
Superintending Engineer, 
P.W.D.^, 

Muzaffarpur (Bihar). 

202. Bhattacharya, S.K., Esq., 
Peace Road, Lalpur, 

Ranchi. 

205. Came, W.G., Esq.., 

Ghief Engineer, Bihar 

P.W.D., 

Patna. 

20^. Chadda, S.R., Esq., 

Resident Engineer, A.C.G., 

Ltd, 

Ghaibasa Cement Works, 
Chaibasa • (B N.R.) 

295. Comcc, Allan Campbell, 

Esq., 

Gcneial Manager, Messrs 
Kumardhubi, Engineering 
Works, Ltd., P.O. 
Kumardhubi, Dist. 
Manbhum. 

296. Dayal, B., Esq., 

Executive Engineer, Arrali 
Division, Arrah. 

207. Gomingo, T.B., Esq., 

43A, Inner Circle, 
Jamshedpur. 

200. DubCy, B.P., Esq., 

Asst. Engineer, Bihar 
F.W.D., Kanki, Ranchi. 

200. Ghose, S.K., Rai Sahib, 

Executive Engineer, P.W.D,; 
Singlibhum Division, 
Ghaibasa (Bihar). 
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300 Ghose, Sushil Kumar, Esq , 
66, Chcnab Road, 
Jamsheedpur 

301. Gupta J N Das, Esq., 

Chief Town Engineer, Tata 
Iron and Steel Go , 
Jamshedpur (B N Rly.) 

30a. Gupta. K , Esq., 

District Engineer, Ghaibasa, 
(Singhbhum) 

303. Gupta, S Esq , 

Svarnasan. Bankipore P.O., 
Patna 

304. Gupta, B B , Esq . 

Executive Engineer, (M W.) 
Ranchi 

305 Gupta, K., Esq., 

Engineer, Jhana Water 
Board, P O Dhanbad, 
(Manbhum). 

306. Hoda, N , Esq., 

Assistant Engineer, P W.D., 
Dehn (Bihar) 

307 Jayaswal, U S., Rai Bahadur, 

District Engineer, 
MuzafTarpur. 

308 Jha, B. K , Esq , 

Village Banu Chapra, P.O. 
Bettiah, District Champaran 
(O N. T Ry.) 

309. Joti Prasad, Esq „ 

Dist. Engineer, Narsinghpur 
(Bihar) 

310. Maheshwar Prasad, Esq., 

S D.O., P ’W.D., Jhalda ^ 
(Afanbhum) 

31 1. Mahapatra M., Esq., 

S D O., Kishanganj, P.O. 
Pumea District, (Bihar). 

312. Maitra, G D , Esq., 

Assistant Engineer,'? W.D. 
Basawan, P O, Kudra, 

Dist Shahabad . . 

313.. Mehta, Des Raj , Esq., 

Executive Engineer, Patna. 
314: Mehta J. K., Esq., 

, Senior Asssistant Engineer, 
Town Engineering Depart. 
Tata Iron and Steel Co., 
Ltd., Jamshedpur. 


315. Misra, Chandi Prasad Rai 

Bahadur. 

Dist Engineer, Monghyr. 

316. Mojumdar, A.B. Esq , 

Assistant Engineer, P.W.D., 
P^O Hinoo, Ranchi 

317. Murrell, W L„ Esq., 

'Additional Chief Engineer, 
Military Works, P.O. Hinoo, 
Ranchi 

318 Nandi, R., Esq , 

District Engineer, Shahabad 
(Arrah). 

319. Nivas, Hari Krishna, Esq., 

Under Secretary, Bihar 
P.W.D , Patna 

320. Paul, N , Esq , 

Assistant Engineer, Town 
Engineering Dept., Tisko, 
Jamshedpur, 

321. Prasad, A.P , Esq., 

Assistant Engineer, P. O. 
Purulia (Bihar). 

322. Prasad, Ras Dhari. Esq., 

A.R P. Engineer, Dhanbad. 

323. Prashad, B., Esq. 

District Engineer, 
Hazaribagh. 

324. Ram, G S , Rai Bahadur, 

District Engineer, Patna, 
(Bihar). 

> 

325. Rangaswamy, M A., Rai 

Bahadur. 

District Engineer, 
Darbhanga (Bihar). 

326. ' Roy, S K., Esq , 

Retired Chief Engineer and 
Secretary to the Govern- 
ment of Orissa, P.O. Baunsi, 
District Bhagalpur 

327. Sarju Prasad. Esq . 

Lecturer, Bihar Engineering 
College, Patna. 

. 328. Sharma, Pumanand Esq., 
District Engineer, Santhal 
Parganas P.O. Dumka, > 
(Bihar). ‘ 
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329. Sinha, B., Esq., 

Assistant Engineer, P.W.D., 
No. I Sub-Divn., Central 
Division, Patna. 

330. Sinha, M.P., Esq., 

Assistant Engineer, 

Dhanbad Division, 

Dhanbad (Bihar). 

331. Sohan Lai, Esq.,^ 

Executive Engineer, P.W .D. 
New Dak -Bungalow Road, 
Patna. 

332. Sundaratn, S. Esq., 

56, Straight Mile Road, 
Jamshedpur. 

333. Vakil N.H., R.S., 

District Engineer, 

Motihari, Ghamparan. 

ASSAM. 

334. Ali Ahmed, Esq., 

Chief Engineer, Assam 
P.WD., Shillong. 

335. Barua, H.P., Esq., 

Executive Engineer, P.W.D., 
Dalawjan T.E., 

Gating (Assam). 

336. Chowdhury, S.P., Esq., 

Assistant Engineer, 
Kukitadalone, Dimapur, 
Assam. 

337. Chowdhury, Abid Raza, Esq., 

Asst. Enginer, P. W. D., 
Sylhet Special Works Subr— 
Division, Sylhet. 

t 

338. Chowdhury, Imamuz-Zaman, 

Esq., 

S.D.O., P.W.D., Daboka, 
District Nowgong (Assam). 

339. Cormack, F.E., Esq., 

Supdg, Engineer, Northern 
Circle, Assam P.W.D., 
Shillong. 

340 Das, S , Esq. 

Asst., Engineer., P. W .Dt, ' 
Nowgong (Assam). 


341. Devi Dayal., Esq., 

Supdg. Engineer, P.W.D., 
Shillong. 

342. De, B.C., Esq., 

Retd., Asst. Engineei, 

• P.W.D., Sylhet (Assam). 

343. Datta,S.K., Esq., 

S D.O., P.W.D., South Shil- 
long Sub-Division, 

Pynursla, Assam. 

344. Datta, D.G., Esq., 

Executive Engineer, 
Nowgong (Assam). 

345. Gupta, J.N., Rai Bahadur, 

Ex. Engr., Golaghat Divn. 
Jorhat (Assam). 

346. Gupta Sen, L.G., Esq., 

Asst. Engineer, 

Digaru Assam. 

347. McLeod, I.M, Esq., 

Garrison Engineer, Dibru- 
garh Divn., Dibrugarh 
(Upper Assam). 

349. Nath, Raj Mohan. Esq. 
Executive Engineer, 
Golaghat (Assam). 

349. Romesh Chandra., Esq., 

Executive Engineer, Tczpur 
(Assam). « 

350. Whitby, A.B., Esq., 

Executive Engineer, P.W.D., 
Nowgong (Assam). 

351. Varma, R.L., Esq., 

Executive Engineer, P.\y.D., 
Shillong. 

N.W.F.P. 

353 Abdul Rahman, Klian Bahadur, 

Supdg. Engineer, Northern 
Circle, P.W.D., Peshawar. 

354 , Brown, G A.M. Esq. 

Chief Engineer, P.W.D., Pesh- 
awar. 

355 Hardit Singh, Esq. 

Executive Engineer, P.W.D., 
Malakand Divn., Malakand 
(N.W.F P.). 

356 Khan, Mohd Said, Esq- 

Executive Engineer, P.W.D., 
Peshawar, Buildings Division, 
Peshawar (N.W.F.P.). 
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357 Klian, Fazal Haq, K S. 

Executive Engineer, P.W.D 
D.I Khan N.W.F.P. 

358 Kaushal, R.L. Esq. 

Jagannalh, Dist. Mardan 
(N.WFP). 

359 Khatri, K C. Esq. 

Executive Engineer, P.W.D., 
D.I. Khan. N.W.F.P. 

360 Lawlcy, W. Esq. 

Supcrinion'ling Engineer, 
liannu, P.W D , Bannu, 
N.W.F P. 

• 361 Malholra, B.R., Raj Saheb, 

Exccuti\c Engineer, P.W.D., 
D.I Khan. NWF.P. 

362 Naqvi, M.II., E q. _ 

Excculi'c Engineer, P.W.D., 
Peshawar. 


363 Oram, A., Lt. Col. ^ 

Chief Enaincer, (Retired), 

P.W D., Peshawar. 

ORISSA 

364 Basil, H.L. Esq. ^ 

Dist. Board Engineer, 
Chatrapur, Ganjam. 

365 Bhuyan, MN. Esq. 

Executive Engineer, P.W.D., 
Nortlicrn Divn., Cuttack. 

aG6 Bose, K.M Esq. „ , , _ 

^ Distiict Engineer, Sambalpur. 

367 D-as, P.C. Esq. 

^ S.DO., P.W.D, Jabra 

Workshop, Cuttack. 

368 Fleur)-, W.R. Esq - 

r Under Secretary, P.W.U., 

Cuttack 

360 Green, A E , Captain, 

^ ^ Chief Engineer and Sarctary 
>.10 Govt., Orissa P W.D., 
Cutt.acE.^ _ 

,70 Iyer, E.v.s Esq,- . . 

Executive Engineer, P.W.p., 

- Koraput, Orissa 
„I Jootla, Baboo Singh, Esq. 
Sub-Engineer, 

T» - • - j • ! 


372 Padi, Sita Ram, Esq. 

Asst Engineer, P W D., Now- 
rangpur, Koraput, lOnssa) 

373 Palit, S K. Esq. 

Asst. Engineer, Akhuapada 
Sub-Division, Akhuapada, 
District Balasoie. 

374 Parija, K C Esq. 

Assistant Engineer, P O. 
Nawapara, District SambaU 
pur 

375 Pujari, Achyutnanad, Esq. 

Executive Engineer, 

Southern Divn , Cuttack 

37G Rao, V V. Esq. 

District Board Engineer, 
Bcrhamporc, Ganjam District. 

377 Ray, G P. Esq, 

District Board Engineer, 

- Pun (Orissa). 

378 Satma, P V.N. Esq. 

Asst. Engineer, Jeyporc, 
Samasthanam, Jeyporc, 
Koraput, Dist. Orissa. 


379 Senapati, G N. Esq. 

Asst Engineer, P.W.D., 
Bcrhamporc (Ganjam). 

380 Sinha, A.K. Esq. ^ 

Dist. Boaid Engineer, 
CJinndno Ghowk, Cuttack 

38X Sabu,B^.Esq. 

Asst. Engineer, P.W.l/. 
Phulbani, Orissa. 

SIND 

382 Ajwani, H J. Esq. 

Assistant Engineer, 
KbairpurMirs (Smd) 

f 

383 Bhatia, K.M. Esq. 

^ Executive Engineer, Fubh 

Division, Hyderabad (Sind). 

384 Bhagat, DG Esq. 

Excculisc Engineer, 
Hyderabad (Sirid). 

385 Bhojwani, NG Esq. 

Executive Engineer, P.W.D., 
Larkana (Smd). 
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386 Bushby, W.E. Esr. 

Chairman, Karachi Port 
Trust, Karachi. 

387 Daryanani, C.S. Esq. 

C/o P.BoxNo. 1 15, Karachi. 

388 Dhamani, Pcssumal Narumal, 

Esq. 

Asst. Engineer, and P.A. to 
the State Engineer, 

Khairpur Mirs’ (Sind) 

389 DIvatia, S S Esq. 

Executive Engineer,. P.W.D., 
Hyderabad (Sind). 

390 Griffiths, W. A. Esq. 

Burmah-Shell Oil Co., Ltd., 
Karachi. 

391 Jivarajani, P.R. Esq. 

Deputy Soil Classification 
Officer, 

Karachi (Saddar). 

392 Malik, Jaswant Singh. Esq. 

Superintending Engineer, 
(Roads) Sind, 

Karachi (Saddar). 

393 Madhav, T K. Esq. 

Sub-Engineer, Municipal 
Corporation, Karachi. 

394 Ramchandani, N.R. Esq. 

Executive Engineer, P.W.D., 
Construction Division, 
Hyderabad (Sind). 

395 Ramchandani, J.R. Esq. 

Assistant Engineer, P.W.D., 
DJ^ Barrage Towmship, 

Sukkur (Sind). 

396 Rijwani, J.M. Esq., 

Superintending Engineer, 
(Roads), Karachi (Sind). 

397 Shahani, C.M. Esq. 

C/o B R. Herman and 
Mohalla Ltd., Wood Street, 
P.O. Bo.kNo. II, Karachi. 

jg8 Shivdasani, K.J Esq. 

Chief Officer and Engineer, * 
District Local Board, 

Larkwa (Sind). 

* 


399 Shaikh, MAM. Ebrahim Esq. 

Assistant Engineer, Roads 
Sub-Division, No. 3, 

Sukkur (Sind) 

400 Vaswani, G.B Esq. 

Assistant Engineer, Roads, 
Municipal Corporation, 
Karachi. 

M.E S. 

401 Bansor, H.S. Esq. 

S D.O., M.E.S., Happy 
Valley, Shillong (Assam). 

402 Basu, N., Lt. 

152, Indo Railway. Maint 
Coy., C/o 6, Adv. Base P.O. 
403. Chadda, Ulfat Rai, 

Engineer-in- Chief’s Branch, 
Army Headquarters, 

Fontain Blcau, Simla. 

404 Devdhar, V.S Esq. 

Surveyor of Works, M.E.S., 
Office of C.R.E. (South), 
Campiic, 

405 Fenton, B. W., Lt. 

344 * IV/Shop Park Coy., 

I.E , 18 A, A.BP.O. 

India Command. 

406 Lang-Anderson, W.G. Col. 
H.Q,.G., R.E.F , No. 6, 

A.B.P O (India). 

407 Nchra, Vidya Sagar, Capt. 

A C.R.E (Works), 1/14, 

C R.E., Works. Indian, 
Imphal (Assam). . , 

40B Shareef, Safdar Ali. 

Asst. Garrison Engineer, 
M.E.S , Bareilly. 

409 Stuart-Lcwis, A. 

C/o Chief Engineer,' Eastern 
Army Headquarters. 

Calcutta. 

410 Venkata Krishniah, D. 

. ^ Surveyor ofWoiIcs, Office 
. of'thd G.R jE., Deolali. 

, ' CENTRALiNOiX STATE ' 

' ’■''vAaE^TjCV. 

411 Adshettr^XJK. Esq. 

‘ -Cantonment Engineer, 

(C I.) . , . ' 

412 'l&egl'Mirza Fahim, Esq. 

Aihirganj, Shahjahanabad 
. (Bhopal). 



334 


413 BhaUa. Prem Nath, Esq., Rajputana. State Agency 

District Engineer, 

Headquarters Works, 428 Bammi, D R_., Esq , _ 

Palasia, Indore. Asst Engineer, IrngatiOT 

j. on T?cn Division, Jodhpur P.W.D., 

414 Dhodi, S D.. Esq.. MarCv^. 

State Engineer, Jhabua 

State, Jhabua. Bhattachar>'a, N.G., Esq., 

41 5 Doshi, A G., Esq., Executive Engineer, B. & R., 

Irrigation Engineer, Jaipur. 

Morvi State, Morvi. . Bhargava, K.N., Esq., 

416 Gandhi, M M , Esq , _ Asst Engineer, Roads, 

^ State Engineer, Morvi Alwar 

State, Morvi (Kathiavrar). Bhatnagar, JagmohanLahEsq., 

Ain Gue, T C , Esq , State Engineer, ‘Brijnagar, 

^ Chief Engineer, Jhalawar State (Rajputana) 

Rewa State, Rewa. Chowdhury, Ram Narain Esq.. 

418 ICatar Mai, C. L., Esq., ‘Ratanda’, Jodhpur. 

State Engineer, Edibam, N.R., Esq.. 

Orchha State, Tikamgarh 

(C I.) * Ajmer. 

410 Khot, N A , Esq., Edgar, S G., Esq., 

Chief Engineer, ^ Supdg Engineer, 

Holkar State, Indore. Minister, Govt, of 

4,0 Mohsin Ali, Esq., Jodhpur. 

Director of Postwar Furgusson, F.F., Es( 

Reconstruction, Govt, of Director, Public 

Bhopal, Bhopal. Jodhpur. 


Aa'i ciuiuaui, iu.i..., 

' Chisti Villa, Srinagar Road, 
Ajmer. 

434 Edgar, S G., Esq., 

Supdg Engineer, P. W. 
Minister, Govt, of Jodhpur, 
Jodhpur. 

AQt: Furgusson, F.F., Esq , 

Director, Public Works, 

Jodhpur. 


Bhopal, Bhopal. Jodhpur. 

jrti Pancholy, D B , Esq., , aqB Garudachar, B R ^ * 

^ State Engineer, Dharangadhra 43 chief Engineer, Bhan 

State, Dharangadhra George, Me. Chu 


iian ijaruuavuc** j . 

Chief Engineer, Bharatpur. 

- 437 Hoey George, Me. Chuseland. 

(Kathiawar). , Esq. 

Phadke, P.G , Esq., . State Engineer, Jaipur State 

Offe. District Engineer, Jaipur.- 

P.W D , Mandleshwar g B Sj^ Tcja 

(Holkar State). 45 ChiefEnginecr, Jaipur State, 

■ ^‘SateEnginclr.’Dhar State, Mlthur, Kishore Lai, Esq , 

Dhar. ' Assistant Executive Engineer, 

.24 Rathod, M.p , Esq., p ^.D , Jodhpur. 

S.L sLoI(B N.R.). 44. '’-‘I^S-ETgto’Tont Sute. 

R ^h-ih T. Mansukhlal, Esq , &tatei.iig 

State Engineer, Balasinor Tonk. 

State, Balasinor (Kathiawar). Saigal, Sant Ram, Rai Saheb, 

.27 Subba Rao, N , Esq., 44 Engineer, Mewar State 

^ ' Retd. Chief Engmccr, Udaipur. 

Holkar State, Indore. 


Liiial, aani ivnu, — , 

State Engineer, Mewar State, 
Udaipur. 
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443 Sarabhoja, N., Esq. 

(Retd.l Chief Engineer, 
P.W.D., Brijnagar, 

/ (Rajputana). 

444 Sheshagiri Rao, G. Esq. 

Chief Engineer., Irngation, 
Jaipur State, Jaipur. 

445 Varma, A.P.. Rai Bahadur, 

Chief Engineer, (Irrigation), 
Bikaner State, P.O. 
Sriganganagar. 

Western Indian States Agency 

446 Bhatt, Upendra J. Esq. 

State Engineer, P.W.D., 
Bhavnagar. 

447 Dighe V.A. Esq. 

Chief Engineer, Janjira State, 
Janjira (Murud). 

448 Jaswala, J.R, Esq. 

State Engineer, Cambay. 

449 Jivrajani, M.R. Esq. 

State Engineer, Porbander. 

450 Mehta, Jagmohandas T. Esq. 

‘Nikctam’, Talcja Road, 
Bhavnagar. 

BARODA STATE & GUJRAT 
STATES AGENCY. 

451 Jadhav, M.K Esq. 

State Aichitcct and Acting 
Chief Engineer, Baroda State, 
Baroda. 

452 Modi, A.K. Esq. 

The Navsari Electric Supply 
Co., Ltd., Navsari. 

453 Patil, G K. Esq. 

' Supdg. Engineer, P.W.D., 
Baroda. 

454 Patil, M R. Esq. 

Retd. Chief Engineer, 

4, Aekapuri, Baroda. 

eastern STATES AGENCY 

455 Behera, S S. Esq. 

' State Engineer, Gangpur 
State, P.O. Sundargarh, 
via Jharsuguda (B.N. Ry.) 


456 Biswas, N. Esq. 

Asst. Engineer, Defence, 

P.O. Baripada. 

457 Dc, K.C. Esq. 

Irrigation Engineer, P.O. 
Sundargarh, Via Jharsugarh 
(B.N.R.). 

458 Kikkeri, S.A. Esq. 

Chief Engineer, P.W.D., 
Mayurbhanj State, Baripada. 

459 Plumley, D. J. Esq. 

Pub. Works Advisor, 

Eastern States Agency, 
Raipur. 

460 Rath Nilkanth, Esq. 

P.O. Karajia, via Tatanagar, 
Mayurbhanj State. 

461 Ram Chandra Rao, S. Esq. 

State Engineer, Nandgaon 
State, Rajnandgaon. 

462 Ray, J. C. Esq. 

State Engineer, P.W.D., 
Cooch Bchar. 

463 Sen, A K. Esq. 

Roa^ Engineer, Tripura 
State, P.O. Agartala, 

(Eastern States Agency). 

MADRAS STATES AGENCY 

464 Ghakko, I.C. Esq. 

Chief Engineer, Travancore 
State, Trivandurm. 

465 Mathew, P.G. Esq. 

Civil Engineer, Kylore House 
Olair, Quilon Post, 
Travancore. 

466 Mcnon, V.K.A. Esq. 

Chief Engineer, Cochin Govt., 
Trichur. 

KOLHAPUR STATES & DEC- 
CAN STATE AGENCY. 

467. Bapat, R. S. Esq. 

State Engineer, Phaltan 
State, Dist. Satara. 

(Deccan States Agency). 

468. Bcdekar, V. P. Esq. 

Stale Engineer, 

Miraj (Senior). 
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469. Bhavc, V. J , Rai Sahib 

State Engineer, Sangli. 

470. Haval, Anant Balwant, Esq. 

lieaka Fanchayat Engineer, 
Shukrawarpeth, Kolhapur. 

471 Kanhcre, V P. Esq. 

State Engineer, Bhor State, 
Bhor. 

472 Puranik, R G Esq. 

State Engineer, Jamkliandi. 

473. Ramaswamy, H. Esq. 

Asst. Engineer, Bombay, 
P. W. D , Kolhapur Resi- 
dency, Kolhapur. 

474. Shmde, F. K., Esq. 

Chief Engineer, Radhanagari, 
Hydroelectric Spheme, 
Kolhapur. 

PUNJAB STATES AGENCY AND 
KASHMIR STATE 

475. Colabawala, J. R. Khan 

Bahadur, 

State Engineer, Khairpur 
Mirs' (Sind). 

476. Garr, B L. Esq. 

State Engineer, P. D., 
Siimui State, P.O. Nahan. 

477. Gupta, D. N. Esq 

Asst. Engineer, 

Cliitt.ir Pajaccs Sub-Divj;?ion, 
Tawi. 

478. Khan, G. H. Esq. 

. Divisional Engineer, 

Bandipur (Kashmir). 

479. Lckh Raj, Esq. '■ 

Rctd. Civil Engineer, 
Kapupthala. 

•^te. Mcngi, B, N. Esq. . ' • 

Asst Engineer, Military Sub' ' 
Division, Jammti ‘(Kashmir) 

481. Nanda, B.'D.JSsq. 

. . Divisional “Engineer, 

. Srinagar, Kaslimir 

482. ' Nand.a, K. E. Esq"- . 

Divisional Enginect, Palaces 
Division, Srinagar, 

- Kashmir. 


483. Puri Sir! Ram, Esq. 

State Engineer, Nabha State, 
Nabha. 

484. Qureshi, Mohd. Ayub, Esq. 

Resident Engineer, Gilgit. 

485. Ram Rakha Mai, Esq 

Divisional Engineer, Palaces 
Divn , Srinagar (Kashmir).'* 

486. Ram Swarup Sardar, 

State Engineer, Jind State, 
Sangrur. 

Hyderabad State (Deccan) 

487 Abdul Hai Esq. 

Assistant Engineer, P.W D., 
Masaudporc, Ni^amabad 
(Deccan) 

488 Amingad, A K Esq. 

SDO., PWD., 

Lingsugar, Dist. Raichur, 
GI.P. 

489 Arifuddin, Syed, Esq. 

Retd. Chief Engineer, 

Hydcra liad-Dcccan. 

490 Asgar, S.A. Esq. 

Asst Engineer, P.W.D.,C/o 
Exceutivc Engineer, 

Saifabad, Hydcrabad-Dn 

491 Balaprasnd, S Esq. 

Divl. Engineer, C/o R.L. " 
Soni, & Co , Putti Badli, 
Hyderabad-Dcccan. 

492 Chaphalkar, V P. Esq. 

• Venkatesh Ban, Kachiguda, 
Hydcrabad-Deccan. 

493 Dalai, C L Esq. 

C/o The Imperial Bank .of 
India, Ltd., Hydcra^d' 
Deccan. 

494 Dangoria, C C. Esq. 

Divisional Engineer, City'y 
Improvement Board, 
Hyderabad-Dcccan . 

495 Dildar Hosain, Esq. 

Supdg Engineer, 
Secunderabad (Deccan). 
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496 Faridon, S. Ghinoy, Esq. 

Execucivc Engineer, P.W.D., 
Jehangir Bagh, Nj. 12, 
Ghilkalguda, Secunderabad 

497 Gopalan, M. Esq. 

■ Special Superintending 
Engineer, Capital Works 
Circle, Kachiguda, 

Hydei abad-Dcccan. 

498 Hardikar, J.G. Esq. 

Executive Engineer, A R.P., 
House No. 414, Hardikar 
Bagh, Himayat Nagar, 
Hydcrabad-Dcccan. 

499 Iyengar, M.A.R. Esq. 

S.D.O., P.W.D., Yadgir, 
(G.I.P.Rly), Nizam’s 
Dominions. 

500 Iyer, S.K. Esq. 

State Mechanical Engineer, 
P.^^^D., Woikshops, 
Hydcrabad-Deccan. 


50B Khan, A. Samad, Esq. 

Asst. Engineer, P.W.D , 
Gulbarga, Hyderabad-Dn. 

509 Khan, M. A. Svibhan, Esq. 

Asst, Engineer, P.^V.D., 
Nangabad, Hydembad-Dn. 

510 Khan, K. M. Ncmat, Esq. 

Executive Engineer, *P.W.D., 
Medak Division, 

P O. Sangareddi, 
(Hyderabad -Dccean). 

51 1 Khan, A.R. Esq. 

Asst. Engincei, P.W.D., 
Special Division, 
Khairatabad, ' 
Hydcrabad-Deccan. 

512 Khan, Ahmed Ali, Esq. 

Superintending Engineer, 
Medak Circle, Medak.' 

513 Khan, Mir Iqbal Ali, Esq. 

Executive Engineer, P.W.D., 
Osmanabad. 


501 Iyengar, S.V.G. ESq. 

C/o P.W.D., Taglial, 
Karimnagar Dist (N.S.Ry.). 

T 02 Iyengar, G L, Esq. 

S.D.O., P.W D , Hazurabad 
Via Kazipet, (N.S.Ry.) 

503 Kadccr, M.A. Esq. 

■ Divl. Engineer, P W D„ 
Khairatabad (Hydefabad- 
Deccan). 

04 Katrak, M M. Esq. 

1 53 G., Sappers’ Lines, 
Secunderabad, 

>5 -Khaja, Azccmud>Din, Esq. 

^ . Divisional Engineer, 
*'‘' 45 U>ndapali Post, 
-Mahboobnagar. 

I 

3 Khan, Md. A. Khuyynim Esq. 
Executive Engineer, 

P. 0 . Lalaguda, (Dn ). 

-Khan, Md A Mirza, Esq, 

^ Asst. Engineer P W.D,, 
Raichur (Deccan). . 


514 kosnam, S. S, Esq. 

Asst. Engineer, P.W.I>., 

Khairatabad, 

Hydcrabad-Deccan 

515 Lakdawala, M. Rustam, Esq 

Asst. Engincei, P. W, D., 
Lalaguda P. O., 
Hydcrabad-Dcccan. 

516 Lokendra Bahadur, Esq. 

Executive Engineer, P.W.I 
15, Saifabad, 
Hydcrabad-Deccan. ' 

517 MaSad-ul-UlIah, M.' Esq. 

Executive Engineer, P.W.D 
Bidar. ti.-.t 

',^Ii^a, MohdrySfimed, Esq.’^ 

. -.v 

' 519' 

Arat;;,Engmccr, P,W.D.,' 

. K.QJ^.l^aincth '( n.S. R)y,), 
<520 Moh'ammcd'Ashraf, Esq,- ,, 
■ • gist. Engineer, Osmanabai 

(Hydcrabad-Dcccan). 
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521 Mohd. Farhit-Ullah, Esq. 
Executive Engineer, 
RAF ^Vorks, Saifdbad. 


ijqn Ramaswamy, K. Esq. , 
A»st Engineer, P.W.D., 
Sccundci abcd-Deccan. 


522 Mohd. Va«ay, Khaja, Esq. 

P.A toSupdg Engineer, 

P W D , Medak Circle, 
Kachiguda, 
.Hyderabad'Deccan. 

523 Mohd. Ibrahim, Esq. 

^ Asst. Engineer, Anantagiri, 
Vikarabad (Dn ). 

524, Mohd Ibrahim, Esq. 

Executive Engineer, P.W.D 
Gulbarga. 


534 Rajan A Deva, Esq. 

Municipal Engineer, Raichur. 

535 Reddy, B R. Esq. 

Asst. Engineer, _ 

Canal Sub-Divihion, 
Hydcrabad-Dcccan. 

536 Saberi Yusaf, M L Esq. 

52, George Town, 
Sccundcrabad-lDeccan). 


525 Mohd. Asadullah, Esq. 

Secictary, War Supply 
Advisory Board, Railway 
Board Office, Secunderabad. 


526. Mehdi Ali, Mirza, Esq. 
Asst. Engineer, 
Nizamabad 
Hydcrabad-Deccan 


527 ‘Mohd. Athur, Esq. 

Asst. Engineer, 

P O. Lalaguda, Deccan. 

wB Mohd Vajahat AH, Esq. 

Asst Engineer, P W.D , 
Bhongir District, Nalgonda 
(N.S.Ry.). 



530 

53 ' 


532 


Mohd. Usman, Esq. 

Asst Engineer, P.W.D., 
Hanam Kunda, 
Hydcrabad-Dcccan. 

Narasitxiliam, J S. Esq 
3393> Kmgsway, 
Eccundcrabad (Deccan). 

Najabat Ah, Esq. 

. Asst Engineer, Nalgonda 
,,Sub-Di vision, Nalgonda, 

- S Ry. 

Nawab Ahsan Yar Jung 
Bahadur, Esq." 

Afsar Manzil, Jubilee Hill, 
Hydcrabad-Deccan. 


537 Samiullah Shah, Esq. _ 

Superintending Engineer, 
Hyderabad- Deccan. 

538 Shiva Raj, A Esq. 

Dist. Engineer, P.W.D., 
Aurangabad (Deccan). 

539 Sitaram Rao, M S. Esq. 

Executive Engineer, P.W.D., 
Warangal, ICazipet (N.S.Ry.) 

540 Siva Rio, S N. Esq 

Chief Engineer’s Office. 
Hydcrabad-Dn . 

541 Srinlwasa cr K. V . Esq. 

A'Si. Engineer, 
Mahaboobnagar Hyderabad. 


542 Surati, H M. Esq. 

. Assistant Engineer, Valabh 
Das Estate, Public Garden 
Road,' Hydcrabad-Dcccan. 


' 543 Syed Ali Raza, Esq. 

Executive Engineer, 

P W D., Raichur 
(G.I P. Ry.). 

544 Tata, K. Rao, Esq. 

Sectional Officer, 
Basmothnagar, Parbbani 
District, Deccan (N.S R.). 
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543 ' Turab, Molid. Abu, Esql 
■ Supdg Engineer, Baitu- 
Fazal, Moazzamzali Road, 
Hydcrabad'Dcccan. 

54G. VcnkataclicUam, K. Esq. 
Sub-Engineer, P.VV D.,^ 
Jaeseol, Karimnagar Dist., 
(N.S Ry.), Via Paddapathi. 

547. Younus, S.M. Es^. 

Inspecting Engineer, 
Acrodiomcs Project, 
Saifabad, 

Hydcrabad-Deccan. 

MYSORE STATE 

548. Bennet C M. Esq. 

^ Ulsoor Road, Bangalore. 

549. Gangadhara, K S. Esq. 

Assistant Engineer, Aviation 
JJivision, Kolar 
(Mysore State). 

550. ' Lakshminarasimhaiya, N. Esq. 

Supdg Engineer, Jog Falls, 
P.O., Sliimoga Djst. 

(Mysore State). 

551. Narasimba A>7ar, M.K. Esq. 

Executive Engineer, 
Hirabhasgar Division, 

P. O. Sagar, Sbimoga. 

552. Narasimba Ayyangar, N. Esq. 

Executive Engineer, Kolar. 

553. Rajam, M.K. Esq. 

Supdg. Engineer. Sbimoga 
Circle, Sbimoga. 

554. Rama Rao T. Esq. 

Executive Engineer, Mysore 
Division, Mysore. 

555. Sirsi, B.R. Esq. 

S.D.O., 

Jalaballi (Mysore State). 

556. Srinivasa Moortbi, K.V. Esq. 

Assistant Engineer, 
Gbavnapatna (Mysore). 

557. Windkler, L.A.H. Esq. 

Cbief Engineer, Mysore, 
Bangalore. 


Gwalior, rampur and 

BENARES STATES 

55 ^ • Arbawle, Esq. 

' District Engineer, Ujjain. 

559 * Bhonsalc, N. K., Major, 

Cbief Engineci, 

Lashkar, Gwalior. 

560. Chowdhury, P. M. Esq. 

Distiict Engineer, P. W. D., 
Ujjam (Gwabor). 

561. Datta, S. N. Esq. 

Supdt., Water Works, 
Gwalior. 

562. Dbumal, R. J. Esq. 

Inspecting Engineer, 

P. W. D., 

Gwalior. 

5 ^ 3 ’ Divatia, P. V. Esq. 

Executive Engineer, 

Special Works, 

Gwalior. 

564- Dixit, M. K Esq. 

C/o Lashkar Municipal 
Committee, Lashkar, Gwalior. 

565* Ghatgc, Krishna Rao Raghoji, 

Esq. 

Genl. Manager, Scindia 
State RI>s , G^valior, 

566. Gupta, K. K. Esq. 

Hind Construction, Gwalior. 

567. Gupta, S. 9. Esq. 

Asst. Engineer, 

Special Woiks; 

Gwalior. 

568. Handa, K. L. Esq. 

District Engineer, P. W. D., 
Sardarpur (Gtv'alioi), 
via Mhow. ^ ' - „r 

Inamdar, S R. Esq. 

Distiict Engineer, P.W.D., 
Morena, Gwalior Stave. 

570. Jcyram, Yadav, Haris ,, y 

Chandra,' Esq. 
Dist. Engineer, P.W D., 

Gird (Gwalior). 

571* Johii, Brij Mohan, Esq. 

District Engineer, P.AV.D., 
Blind (Gwalior State). 
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572 . Khan, N.M. Malik, Esq, . 

Inspecting Engineer, 

Lashkar (Gwalioi). 

573. Khan, Abdul Jabl'ar, Esq. 

Executive Engineer, P.W.D. 
Rampui State (U.P ) 

574 - Mane, Y G. E'sq. 

Disuict Engineer, P.W.D. 
Guna, Gwalior State. 

575. Moghc, L V Esq. 

District Engineer, P.W. D., 
Mandsaur (Gwalior). 

576. Naik, B G. Esq. 

Assistant Engineer, 

Maharaporc (Gwalior). 

577. Naidii, Narayan Rao, Esq. 

Asst. EngiTicer, Mcssis. 

John Tinson & Go,, Ltd , 
Procession Road, Lashkar, 
Gwalior. 

578. Patil, B D. Esq. 

Dlst. Engineer, P W.D., 
Sh.vpuri, (Gwalior). 

579. Patil, y K. Esq., 

A‘st Engineer, P. W. D , 
Lashkai (Gwalior). 

580. Rish Raj, Esq., 

A^st Secretary, 

Indian Roads Congress, 
Simla. 

581. *^*Shainia, BaiJ Nalh, Esq. 

Enijinccr, P W.D , 

Slic/jahpur (Gwalior). 

58a. Srhastava, Hari Shankar, Esq. 
Militaiy Engineer, 
Lashkar'(Gwalioi^. 

r,8!i. Vaidya,‘'Anant Ganesh, Esq^. 

. •. Pro.cct Engineer, ^P.WD/,' ' 
Gwalior. ' 

ASSOCIATE RIEMBI^S' 

584. Anderson, J.P. Esq. 

Sales Diiccl0r,'M/s. Dunlop' 
Rubber C (Iildla), Ltd., * ' 
P O. BoxNo, 391, ■ 
Calcutta. - 


585. -Bakewell, W B , Captain, - - 

C/o Bitumen Emulsions 
(India) Ltd , Lahore Cant. 

586. Ghinoy, Nur Mohammed Esq. 

C/o The Bombay Garage, 
Chowpatty, Bombay. 

587. Davidson, J C,F. Esq, 

C/o Bird & Co. 

Oriental Buildings, Lahore. 

588. Lumba, H S. Esq. 

Civil Engineer, and Works 
Manager, Messrs. Rolitas 
Industiics, Ltd., 
Dalmianagar, Dist. 

Shaba had (Bihar). 

589. Madden, W. J., Major, 
qai, India Works, Section I.E., 

No. 6 A B P.O. (India). 

590. Malani, CTS Esq. 

C/o Mcssis Standard 
Vacuum Oil Co , 

Finley House, Karachi. 

eg I. Marschalko, Th. C Esq. 

Chief Engmeer, Caltex Co. 
(India) Ltd., Bombay. 

59?. Nazaicth, C V. Esq. 

C/o The Cunsuliing 
Engr Rds , 

Kennedy Home, SimUi 

cn-i. Ormcrod, H E., Esq. 

C/o Cecil Hotel, Old Delhi. 

- ' 694 - Stevens, G. Esq. 

C/o Anamal.11 Planters 
Association, Sholayar, P.O. 
Coimbaioic Distt. 

eqe Hewitt, R C.L. Esq. 

. ^ . C/o The Bank of New South 
' . ■ ‘ Wales, Wcl'ington ' 

(New Zealand). 

596, Hodgson, S E , Esq. 

Overdeans Court, Diffen 
Hall, Near Fai ham, ‘Suney 
(England). 

597, , Hughes, H. Esq. 

C/o S.G.E. Naval Works 
* Office, Colombo (f’.eylon). 



5g8. -Mcares, C.D.N., Brig. 

C/o A.P.S., Nairobi, Kenya 
(South AFrica). 

599. Stainer, T.W. 

G/o Avclling Barford, Ltd. 
Grantham, (England). 


I. Wooltorton, F.L.D. Esq. 
C/o Lloyds Bank, 399, 
Oxford Street, London 
(England). 

OTHER MEMBERS. 

601. Nicolson J.F.H. Esq. 

Chief Engineer, Burma 
P.W.D., Yodha Niwas, 
Simla. 
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OVER 600 

r.nfiinvi'rmp (ItmtraitnrK ainl in liulm 

EMPLOY MILLERS’ 

CONCRIll i: MIXLKS 

ASPIIAI.l MlXnUSiCrtlfl and Hot Mi>l) 

PUMPS 

kolu:k pax mori\r mixlrs 

wni'.LLUl) ROLLLRS (Por Rnad 
Mainlrtiiini rj 

ORUSHr.RS 
GRA\i:L UASnCRS 
I \RMAC\DAM PIAXIS 
ASPlIAL'l Pl.NXrS 
SANIJ i. S'lOXR l)RM,RS 
COXC.RPJ i: CARTS 

\\nLi:L-n \rro\vs 
coMPi.i.n: \vnLL pc^kn is 
wiNcni-s 

CONCRKli: MllRVJORS 

MILLERS' TIMBER & TRADING 
CO., LTD,, BOMBAY 

MADRAS CXLCCITA 

Pany Co, Lid P.irrv Co. ]..i( 

,sf:cuxDi:RAB \d - 

C y Afuod.ili.ir 



BUILD SAFETY, ECONOMY, LOW MAINTENAN 
INTO YOUR BRIDGES AND CULVERTS 



A semi-circuLir culvert with curving wing wills 

Exceptional quality is demanded today of Bridges and 
Culverts if they are to withstand the stresses and strains 
to which present conditions may subject them and this 
demand can be met If they are made of cement concrete 



This IS why Public Officials responsible for the permanence 
of these structures usually insist on Concrete 

Wruc to P. O Box I3B. Bombiijr, for 
3 copy of our pamphlet on "Culverts" 
enclosing annas 2 in stamps to cover cost 


DISTRIBUTORS!- 


CEMENT MARKETING Co.OF INPIA iTD- 




CONCRETES low maintenance 
helps road expansion 



Tr/vandrutn • Nagcrcoil a/(* Concrete Road 


Concrete Roads are essential in war and in peace 
time. They are an investment in war-time 
because they facilitate the movement of modern 
mechanised weapons of warfare with speed and 
smoothness, thereby assuring ultimate victory. 

They are equally an investment in time of peace, 
for not only do they last a very- long time but 
their cost of maintenance is practically negligible. 


Write to P. O. Box 138. Bombay, 
for a list of pamphlets on Roads. 



WATER DISTRIBUTION 

HUME PIPES 

(of improved qualUy) 

Some Orders Executed 





Place 

1 

4-18 1 

25 

1 

1 

5 

J.dna 

4-6 

=5 

2 

Auiangabad 

(> 

75 

3! 

j Hidct.-ibad (Dcccan) 

4-6 i 

100 

n 

1 Seciindciab.id 

21 

50 

6 

‘ Ilydciabad (Dcccan) 

M 

«5 

>{ 

j Hydciabad (Dcccan) 

10 

50 

2 

1 Sliolapui 

•j-O 

jo 

2. 

j Oosmanabad 

3-4 

3-6 

50 

2 

i Tuljnpiii 


il 

j Lnhoic 

4 

too 

2 

Pumping at 

i Ilidcrabad (Dcccnn} 


Iliiiiic Pipes, witli approxiinalp size and lengths men- 
tioned above have b<;cn woiking without ])ursls oi any trouble 
doling the last 'ten , years oi so. Appreciable 501705 in pipe 
co‘-l. Fipc front rust and tubcrculation. 

Superior Flou' of water ami Permanently durable. 

FACTORIES ALL OVER INDIA 

The Idniah Hume Pipe Company Ltd. 

H. O. : BOMBAY 1. < 






•For 


CRADERS 
* ROOTERS 
* TRACTORS 
^ SCRAPERS 
^ BUL-DOZERS 
* ANGLE DOZERS 
^ ROAD ROLLERS 
MOTOR GRADERS 
* STONE CRUSHERS 
^ TRAVELLING CRANES 

j I 

rpQ. 

WILLIAM JACKS 

AND COMPANY LIMITED 

BOMBAY CALCUT'T'A 'MADRAS 
KARACHI & LAHORE 



